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THE ROCKY MOUNTAINS IN BRITISH 
TERRITORY. 


A GLANCE at a map of the Canadian Pacific railway 
will show that the line, after traversing about 1,000 
miles of prairie west of Winnipeg, enters a region of 
rugged mountain ranges. The first of these is that of 
the Rocky Mountains proper. Having crossed this 
range at Hector Pass, the line descends by steep gra- 
dients to the Columbia, and then by the valley of 
Beaver Creek ascends the Selkirk range, which, being 
crossed at Rogers’ Pass, the line once more plunges 
down to the Columbia, and, crossing it for the second 
time, ascends the Gold range, and finally, penetrating 
the Cascade range by the valley of the I’raser, reaches 
the Pacific. 

All these mountain ranges are snow-capped, and the 
upper valleys are filled by glaciers, from which fierce 
torrents rush, incumbered, for the most part, by fallen 
pine trees. The slopes of the mountains are clad in 
dense forests of pines and cedars, those in the Selkirk 
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being especially luxuriant. The Selkirk range is, 
geologically speaking, the innermost range, and forms 
a portion of the backbone of the continent. Till the 
railway was constructed, the region was practically a 
terra incognita, but since then travelers have been 
wont to speak in glowing terms of the magnificent 
Alpine scenery of the Selkirks, glimpses only of which 
can be obtained from the railway. 

A paper recently read before the Royal Geographical 
Society, and illustrated by lantern slides, by the Rev. 
W. Spotswood Green, describes his explorations in 
these Alpine regions, and his map sets forth the struc- 
ture of the district, with details not previously at- 
tempted. He was accompanied by one friend, the 
Rev. H. Swanzy, who had traversed the Selkirks before 
the railway was constructed, and the illustrations we 
now publish are from sketches by Mr. Green and photo- 
graphs by Mr. Swanzy. 

A picturesque little inn, called *‘ Glacier House,” 
built by the Canadian Pacific Railway Company, near 
Rogers’ Pass, was the headquarters of the expedition 
while exploring the Selkirks. 

Immediately above Glacier House, a fine peak, 
Mount Sir Donald, towers skyward to over 10,000 feet. 
The side facing the railway presents one huge, smooth 

recipice. The peak dominating the region surveyed 
»y Mr. Green, and called by him Mount Bonney (10,622 
feet), rises from a great bed of glacier. To approach it 
it was necessary to carry a camp through almost itm- 
penetrable forest to the foot of these glaciers 
one long day from this camp, spent in exploring a 
route, followed by a day’s rest, the ascent commenced 
at 3.30 A. M. In twelve hours the summit was reach- 
ed, but ere the camp could be regained dark night 
overtook the two travelers, and stumbling over fallen 
timber in pitchy darkness was an experience not to be 
envied,—London Graphic. 


[Continued from SuprLement, No, 726, page 11606.) 
GLACIAL GEOLOGY,* 
By Prof. JAMES GEIKIR. 


I HAVE dwelt upon the recent work of geologists in 
the peripheral areas of the drift-covered regions of 
Northern Europe, because | think the results obtained 
are of great interest to glacialists in this country. And 
for the same reason I wish next to call attention to 
what has been done of late years in elucidating the 
glacial geology of the Alpine lands of Central Europe 
—and more particularly of the low grounds that stretch 
out from the foot of the mountains. Any observations 
that tend to throw light upon the history of the com- 
plex drifts of our own peripheral areas cannot but be 
of service. 

It is quite impossible to do justice, in this brief sketch, 
to the labors of the many enthusiastic geologists who, | 
within recent years, have increased our knowledge of | 
the glaciation of the Alpine lands. At present, how- 
ever, [am not so much concerned with the proofs of 
general glaciation as with the evidence that goes to 
show how the Alpine ground moraines have been form- 
ed, and with the facts which have led certain observers 


| 


After} Alpine lands continues to increase. 


perforated by sub-glacial tunnels and arches, under- 
neath which no glacial erosion can possibly take place ; 
and yet it is upon observations made in just such places 
that the principal arguments against the erosive action 
of glaciers have been based. If all that we could ever 
know of glacial action were confined to what we can 
learn from peering intothe grottoes at the terminal 
fronts of existing glaciers, we should indeed come to the 
conclusion that glaciers do not erode their rocky beds 
to any appreciable extent. 

But as we do not look for the strongest evidence of 
| fluviatile erosion at the mouth of a river, but in its val- 
| ley and mountain tracks, so if we wish to learn what 

glacier ice can accomplish, we must study in detail 
| some wide region from which the ice has completely 
disappeared. When this plan has been followed, it has 
|happened that some of the strongest opponents of 
| glacial erosion have been compelled by the force of the 
| evidence to go over to the othercawp. Dr. Blaas, for 
| example, has been led by his observations on the glacial 
formations of the Inn Valley to recant his former views, 
| and to become a formidable advocate of the very theory 
| which he formerly opposed. To his work and the me- 
| moirs by Penck, Bruckner, and Bohm already cited, 
| and especially to the admirable chapter on glacier ero- 
| sion by the last named author, I would refer those who 
may be anxious to know the last word on this much- 
debated question. 

The evidence of interglacial conditions within the 
These are repre- 
sented by alluvial deposits of silt, sand, gravel, con- 
glowerate, breccia, and lignites. Penck, Bohm, and 
Bruckner find evidence of two interglacial epochs, and 
maintain that there have been three distinct and sepa- 
rate epochs of glaciation in the Alps. No mere tempo- 
rary retreat and readvance of the glaciers, according to 
them, will account for the phenomena presented by the 
interglacial deposits and associated morainie accamula- 
tions. During interglacial times the glaciers disappeared 
from the lower valleys of the Alps—the climate was tem- 
perate, and probably the snow fields and glaciers ap- 
proximated in extent to those of the present day. All 
the evidence conspires to show that an interglacial 
epoch was of prolonged duration. 

Dr. Bruekner has observed that the moraines of the 
last glacial epoch rest here and there upon loess, and he 
confirms Penck’s observations in South Bavaria that 








to conclude that the Alps have endured several distinet 
glaciations within Pleistocene times. Swiss geologists | 
are agreed that the ground moraines which clothe the | 
bottoms of the great Alpine valleys, and extend out-| 
ward sometimes for many miles upon the low grounds| 
beyond, are of true glacial origin. Now these ground | 
moraines are closely similar to the bowlder clays of this | 
country and Northern Europe. Like them, they are} 
frequently tough and hard pressed, and now and again 

somewhat looser and less firmly coherent. Frequently | 
also they contain lenticular beds, and more or less thick 

sheets of aqueous deposits—in some places the stony | 
clays even exhibiting a kind of stratification—and ever 

and anon such water-assorted materials are commin- | 
gled with stony clay in the most complex manner. | 
These latter appearances are, however, upon the whole 
best developed upon the low grounds that sweep out/| 
from the base of the Alps. The only question con- 
cerning the ground moraines that has recently given 
rise to much discussion is the origin of the materials 
themsel ves, 

It is obvious that there are only three possible modes 
in which those materials could have been introduced 
to the ground moraine ; either they consist of superfi- 
cial morainic debris which has found its way down to} 
the bottom of the old glaciers by crevasses ; or they 
may be made up of the rock rubbish, shingle, gravel, 
ete., which doubtless strewed the valleys before these 
were occupied by ice ; or, lastly, they may have been | 
derived in chief measure from the underlying rocks | 
themselves bythe action of the ice that overflowed them. 


moraines are composed mostly of materials which have 
been detached from the underlying rocks by the erosive 
action of the glaciers themselves. 

Their observations show that the regions studied by | 
them in great detail were almost completely buried 
under ice, so that the accumulation of superficial mo- 
raines was for the most part impossible ; and they ad- 
vance a number of facts which prove positively that 
the ground moraines were formed and accumulated 
under ice. 


in which this is fully diseussed.t These geologists do 


not deny that some of the material may occasionally | 


have come from above, nor do they doubt that pre- 
existing masses of rock rubbish and alluvial accumula- 
tions may have been incorporated with the ground 
moraines ; but the enormous extent of the latter, and 
the direction of transport and distribution of the erra- 
ties which they contain, cannot be thus accounted for, 
while all the facts are readily explained by the action 
of the ice itself, which used its sub-glacial debris as 
tools with which to carry on the work of erosion. 

Prof. Heim and others have frequently asserted that 
glaciers have little or no eroding power, since at the 
lower ends of existing glaciers we find no evidence of 
suck erosion being in operation. But the chief work 
of a glacier cannot be carried on at its lower end, where 
motion is reduced to a minimum, and where the ice is 
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| glacial age. 
| loess does not belong to any one particular horizon. 


| other. 
| theses : 


l cannot here recapitulate the evidence, | 
but must content myself by a reference to the papers | 





and partly by waters flowing north from the hilly tracts 
of Middle Germany. In the great basins thus formed 
there would bea commingling of fine silt material de- 
rived from north and south, which would necessarily 
come to form a deposit having much the same charac- 
ter throughout. 

From what I have myself seen of the loess in various 
parts of Germany, and from all that I have gathered 
from reading and in conversation with those who have 
worked over loess-covered regions, I incline to the opin- 
ion that loess is for the most part of aqueous origin. In 
inany cases this can be demonstrated, as by the oceur- 
rence of bedding and the intercalation of layers of 
stones, sand, gravel, etc., in the deposit ; again, by the 
not infrequent appearance of fresh water shells ; but, 
perhaps, chiefly by the remarkable uniformity of char- 
acter which the loess itself displays. It seems to me 
reasonable also to believe that the flood waters of 
glacial times must needs have been highly charged 
with finely divided sediment, and that such sediment 
would be spread over wide regions in the low grounds 
—in the slack waters of the great rivers, and in the in- 
numerable temporary lakes which occupied, or partly 
en many of the valleys. and depressions of the 
and. 

There are different kinds of loess or loess-like deposits, 
however, and all need not have been formed in the 
same way. Probably some may have been derived, as 
Wahnschaffe has suggested, from the denudation of 
bowlder clay. Possibly, also, some loess may owe its 
origin to the action of rain upon the stony clays, pro- 
ducing what we in this country would call * rain wash.” 
There are other accumulations, however, which no 
aqueous theory will satisfactorily explain. Under this 
category comes much of the so-called Bergloess, with its 
abundant land shells, and its generally unstratified 
character. It seems likely that such loess is simply the 
result of sub-aerial action, and owes its origin to rain, 
frost, and wind acting upon the superficial formations, 
and rearranging their finer-grained constituents. And 
it is quite ible that the upper portion of much of 
the loess of the lower grounds may have been reworked 
in the same way. z 

But I confess I cannot yet find in the facts adduced 
by German geologists any evidence of a dry-as-dust 
epoch having obtained in Desens during any stage of 
the Pleistocene period. The geographical position of 








SUMMIT OF MOUNT BONNEY, IN THE SELKIRKS. 


this remarkable formation never overlies the morainic 
accumulations of the latest glacial epoch. According 
to Penck and Bruckner, therefore, the loss is of inter- 
There can be little doubt, however, that 


Wahnschaffe * and others have shown that through- 


| out wide areas in North Germany it is the equivalent 


in age of the “upper diluvium,” while Schumacher 
(Hygienische Topographie von Strassburg i. H., 1885) 
points out that in the Rhine Valley it occurs on two 
separate and distinct horizons. Prof. Andree has like- 
wise shown (Abhandl. z. geol. Specialkarte v. Elsass- 
Lothringen, Bd, vii., Heft 2) that there is an upper and 


|lower loess in Alsace, each characterized by its own 


The investigations of Penck, Blaas, Bohm, and Bruck- special fauna. 


ner appear to me to have demonstrated that the ground | 


There is still considerable difference of opinion as to 
the mode of formation of this remarkable aceumula- 
tion. By many it is considered to be an aqueous de- 


| posit’; others, following Richthofen, are of opinion that 
|itisa wind-blown accumulation ; while some incline 


to the belief that it is partly the one and partly the 
Nor do the upholders of these various hypo- 
ree among themselves as to the precise man- 
| ner in which water or wind has worked to produce the 
observed results. Thus, among the supporters of the 
aqueous origin of the loess, we find this attributed to 
the action of heavy rains washing over and rearrang- 
ing the material of the bowlder clays (Laspeyres, Hr- 
| lauterungen z. geol. Specialkarte v. Preussen, etc., Blatt 
| Grobzig, Zorbig, und Petersberg). Many, again, have 
held it probable that the loess is simply the finest loam 
distributed over low grounds by the flood waters that 
| escaped from the northern inland ice and the mers de 
| glace of the Alpine lands of Central Europe. Another 
suggestion is that much of the material of the loess may 
| have been derived from the denudation of the bowlder 
| clays by flood water, during the closing stages of the 
last cold period. It is pointed out thatin some regions 
at least the loess is underlain by a layer of erratics, 
which are believed to be the residue of the denuded 
bowlder clay. 

We are reminded by Klockmann (Jahrb. d. k. preuss. 
geol, Landesanstalt fur 1883, p. 262) and Wahnschaffe 
| (op. cit. and Zeitschr. d. deutsch. geol. Ges., 1886, p. 367) 
| that the inland ice must have acted as a great dam, 

and that wide areas in Germany, etc., would be flooded, 
partly by water derived from the melting inland ice 











rte v. Preussen, etc,. Bd, vil, Heft 1; Zeitechr. 
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our continent seems to me to forbid the possibility of 
such climatic conditions, while all the positive evidence 
we have points rather to humidity than dryness as the 
prevalent feature of Pleistocene climates. It is obvi- 
ous, however, that after the flood waters had disap- 
peared from the low grounds of the Continent, sub- 
aerial action would come into play over the wide re- 
gions covered by glacial and fluvio-glacial deposits. 
Thus, in the course of time, these deposits would be- 
come modified—just as similar accumulations in these 
islands have been top-dressed, as it were, and to some 
extent even rearranged. I am strengthened in these 
views by the conclusions arrived at by. M. Falsan, the 
eminent Freneh glacialist. Covering the plateaux of 
the Dombs, and widely spread throughout the valleys 
of the Rhone, the Ain, the Isere, etc., in France, there 
is a deposit of loess, he says, which has been derived 
from the washing of the ancient moraines. At the 
foot of the Alps, where black schists are largely devel- 
oped, the loess is dark gray ; but west of the secondary 
chain the same deposit is yellowish, and composed al- 
most entirely of siliceous materials, with aly a very 
little carbonate of lime. 

This /imon or loess, however, is very generally modi- 
fied toward the top by the chemical action of rain, the 
yellow loess acquiring a red color. Sometimes it is 
crowded with calcareous concretions ; at other times it 
has been deprived of its calcareous element and con- 
verted into a kind of pulverulentsilicaorquartz. This, 
the true loess, is distinguished from another /ehm, which 
Falsan recognizes as the product of atmospherie action 
—formed, in fact, in place, from the disintegration and 
decompusition of the subjacent rocks. Even this Zehm 
has been modified by running water—dispersed or ac- 
cumulated locally, as the case may be (Falsan, ‘‘ La 
Periode glaciaire,” p. 81). 

All that we know of the loess and its fossils compels 
us to include this accumulation asa product of the 
Pleistocene period. It is not of postglacial age—even 
much of what one may call the ‘‘ remodified loess” being 
of late glacial or Pleistocene age. 1 cannot attempt to 
give here a summary of what has been learned within 
recent years as to the fauna of the loess. The researches 
of Nehring and Liebe have familiarized us with the 
fact that at some particular stage in the Pleistocene 
partes a fauna like that of the Alpine sage lands of 

estern Asia was indigenous to Middle Europe, and 
the recent investigations of Woldrich have increased 
our knowledge of this fauna. 

At what horizon, then, does this steppe fauna mak¢ 
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its appearance? At Thiede, Dr. Nehring discovered in 
so-called loess three successive horizons, each character- 
ized by a special fauna. The lowest of these faunas 
was decidedly arctic in type ; above that came a steppe 
fauna, which last was succeeded by a fauna comprising 
such forms as mammoth, woolly rhinoceros, Bos, Cer- 
vus, horse, hyena, and lion. Now, if we compare this 
last fauna with the forms which have been obtained 
from true postglacial deposits—those deposits, namely, 
which overlie the younger bowlder clays and flood ac- 
cumulations of the latest glacial epoch—we find little 
incommon. Thelion, the mammoth, and the rhinoce- 


| wald (Sitzwngsb. d. kais. Akad. d. W. math. nat. Ci., 
1880, p. 7; 1881, p. 177; 1883, p. 978) shows, I think, that 
the jerboas, marmots, and hamster rats were not inca- 
pable of living in the same regions contemporaneously 
with lemmings, arctic hares, Siberian social voles, etc. 
| But when a cold epoch was passing away, the steppe 
forms probably gradually replaced their arctic congen- 
| ers as these migrated northward during the continuous 
amelioration of the climate. 
| If the student of the Pleistocene faunas has certain 
| advantages in the fact that he has to deal with forms 
many of which are still living, he labors at the same 





MOUNT LEFROY AND LAKE LOUISE, IN THE ROCKIES. 


ros are conspicuous by their absence from the postgla- 
cial beds of Europe. 

In place of them we meet with a more or less arctic 
fauna and a high-alpine and arctic flora, which, as we 
all know, eventually gave place to the flora and fauna 
with which Neolithic man was contemporaneous. As 
this is the case throughout Northwestern and Central 
Europe, we seem justified in assigning the Thiede beds 
to the Pleistocene period and to that interglacial stage 
which preceded and gradually merged into the last 
glacial epoch. That the steppe fauna indicates rela- 
tively drier conditions of climate than obtained when 
perennial snow and ice covered wide areas of the low 
ground goes without saying; but I am unable to agree 
with those who maintain that it implies a dry-as-dust 
climate, like that of some of the steppe regions of our 
own day. The remarkable commingling of aretic and 
steppe faunas discovered by Woldrich in the Bohmer- 


time under disadvantages which are unknown to his 
colleagues who are engaged in the study of the life of 
far older periods. The Pleistocene period was distin- 
guished above all things by its great oscillations of 
climate—the successive changes being repeated, and 
producing correlative migrations of floras and faunas. 
We know that arctic and temperate faunas and floras 
flourished during interglacial times, and a like succes- 
sion of life forms followed the final disappearance of 
glacial conditions. A study of the organic remains met 
| with in any particular deposit will not necessarily, 
| therefore, enable us toassign these to their proper hori- 
zon. The geographical position of the deposit, and its 
relation to Pleistocene accumulations elsewhere, must 
clearly be taken into account. 

Already much has been done in this direction, and it 
is probable that ere long we shall be able to arrive at a 
fair knowledge of the various modifications which the 





|us with a classification which, although confessed! 





Pleistocene floras and faunas experienced during that 
rotracted period of climatic changes of which I have 
Coats speaking. Weshalleven possibly learn how often 
the arctic, steppe, prairie, and forest faunas, as they 
have been defined by Woldrich, replaced each other. 
Even now some approximation to this better knowledge 
has been made. Dr. Pohlig,* for example, has com- 
pared the remains of the Pleistocene faunas obtained 
at many different places in Europe, and has poonanten 
n- 
complete, yet serves to show the direction in which we 
must look for further advances in this department of 
inquiry. 
uring the last twenty years the evidence of inter- 

lacial conditions both in Europe and America has so 
nereased that geologists generally no longer doubt 
that the Pleistocene period was characterized by great 
changes of climate. The occurrence at many different 
localities on the continent of beds of lignite and 
fresh water alluvia, containing remains of Pleisto- 
cene mamumalia intercalated between separate and dis- 
tinct bowlder clays, has left us no alternative. The 
interglacial beds of the Alpine lands of Central Euro 
are paralleled by similar deposits in Britain, Seandi- 
navia, Germany, and France. But opinions differ as 
to the number of glacial and interglacial epochs, many 
holding that we have evidence of only two cold stages 
and one general interglacial stage. This, as I have 
said, is the view entertained by most geologists who 
are at work on the glacial accumulations of Scandina- 
via and North Germany. 

On the other band, Dr. Penck and others, from a 
study of the drifts of the German Alpine lands, believe 
that they have met with evidence of three distinct 
epochs of glaciation and two epochs of interglacial 
conditions. In France, while some observers are of 
opinion that there have been only two epochs of gen- 
eral glaciation, others, as, for example, M. Tardy, find 
what they consider to be evidence of several such 
epochs. Others, again, as M. Faisan, do not believe in 
the existence of any interglacial stages, although they 
readily admit that there were great advances and re- 
treats of the ice during the glacial period. M. Falsan, 
in short, believes in oscillations, but is of opinion that 
these were not so extensive as others have maintained. 
It is, therefore, simply a question of degree, and 
whether we speak of oscillations or of epochs, we must 
needs admit the fact that throughout all the glaciated 
tracts of Europe, fossiliferous deposits occur intercalat- 
ed among glacial accumulations. The successive ad- 
vance and retreat of the ice, therefore, was not a local 
phenomenon, but characterized all the glaciated areas. 
And the evidence shows that the oscillations referred 
to were on a gigantic scale. 

The relation borne tothe glacial accumulations by 
the old river alluvia which contain relics of paleolithic 
man early attracted attention. From the fact that 
these alluvia in some places overlie glacial deposits, the 
general opinion (still held by some) was that paleoli- 
thic man must needs be of postglacial age. But since 
we have learned that all bowlder clay does not belong 
to one and the same geological horizon—that, in short, 
there have been at least two, and probably more, 
epochs of glaciation—it is obvious that the mere occur- 
rence of glacial deposits underneath paleolithic gravels 
does not prove these latter to be postglacial. All that 
we are entitled in such a case to say is simply that the 
implement-bearing beds are younger than the glacial 
accumulations upon which they rest. 

Their horizon may be determined by first ascertain- 
ing the relative position in the glacial series of the un- 
derlying deposits. Now, it is aremarkable fact that the 
bowlder clays which underlie such old alluvia belong, 
without exception, to the earlier stages of the glacial 
period. This has been proved again and again, not 
only for this country, but for Europe generally. I am 





* Pohlig, Sitzeungsb. d. Niederrheinischen Gesellschaft zu Bown, 1584 ; 
Zeitschr. d. deutsch, g . Ges., 1887, p. 798. For a very full account of 
the diluvial European and Northern Asiatic mammalian faunas by Wold- 
= see Mem. del’ Acad, des Sciences de St, Pei rg, Ser. vii., t, xxxv., 
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sorry to reflect that sometwenty years have now elapsed 


times is not the only end which they have in view. 


since | was led to suspect that the paleolithic gravels | One can hardly doubt that when the conditions of that 


and cave deposits were not of postglacial but of glacial 
and interglacial age. In 1871-72, | published a series of 
papers in the Geological Magazine,in which were set 
forth the views | had come to form upon this interest- 
ing question. In these papers it was maintained that 
the alluvial and cave deposits could not be of postglacial 
age, but must be assigned to preglacial and inter- 
glacial times, and in chief measure to the latter. Evi- 
dence was led to show that the latest great develop- 


ment of glacier ice in Europe took place after the| 


southern pachyderms and paleolithic man had vacated 
England ; that during this last stage of the glacial 
period man lived contemporaneously with a northern 
and alpine fauna in such regions as Southern France : 
and lastly, that paleolitic man and the southern mam- 
malia never revisited Northwestern Europe after ex- 
treme glacial conditions had disappeared. These con- 
clusions were arrived at after a somewhat detailed ex- 
auination of all the evidence then available, the re- 


markable distribution of the paleolithic and ossifer- | 


ous alluvia having,as I have said, particularly im- 
pressed me. I colored a map to show at once the areas 
covered by the glacial and fluvio-glacial deposits of the 
last glacial epoch, and the regions in which the im 
plement-bearing and ossiferous alluvia had been met 
with, when it became apparent that the latter never 
occurred at the surface within the regions oceupied by 
the former. If ossiferous alluvia did here and there 
appear within the recently glaciated areas, it was al- 
ways either in caves or asinfra- or inter-glacial de- 
osits. 

Since the date of these researches our knowledge of 
the geographical distribution of Pleistocene deposits 
has greatly increased, and implements and other relies 
of paleolithic man have been recorded from many 
new localities throughout Europe. But none of this 
fresh evidence contradicts the conclusions I had pre 
viously arrived at; on the contrary, it has greatly 
strengthened my general argument. 

Prof. Penck was, I think, the first on the Continent 
to adopt the views referred to. He was among the 
earliest to recognize the evidence of interglacial con- 
ditions in the drift-covered regions of Northern Ger 
many, and it was the reflections which those remark- 
able interglacial beds were so well calculated to suggest 
that led him into the same path as myself. Dr. Penck 
has published a map (Archiv fur Anthropologie, Ba. 
xv., Heft 3, 1884) showing the areas covered by the 
earlier and later glacial deposits in Northern Europe 
and the alpine lands, and indicating at the same time 
the various localities where paleolithic finds have oec- 
eurred. And in not a single ease do any of the latter 


appear within the areas covered by the accumulations | 


of the last glacial epoch. 
A glance at the papers which have been published 
in Germany within the last few years will show how 


giacial deposits and their organic remains. Profs 
Rothpletz (Denkschrift d. schweizer. Ges. fur d. 
gesammt, Nat., Bd. xxviii., 1881) and Andrew (Abhandl. 
z, geolog. Speciaikarte v. Hlsass-Lothringen, Bad. iv., 
Heft 2, 1884), Dr. Pohlig (op. cit.) and others, do not 
now hesitate to correlate with those beds the old ossif 
erous and implement-bearing alluvia which lie alto- 
gether outside of glaciated regions. 


The relation of the Pleistocene alluvia of France to} 
the glacial deposits of that and other countries has | 


been especially canvassed. Rothpletz, in: the paper 
cited above, includes these alluvia among the inter 
glacial deposits; and in the present year we have an 
interesting essay onthe same subject by the accom- 
plished secretary of the Anthropological and Archzo- 
logical Congress, which met last month in Paris, M. 
Boule correlates (Revue d’ Anthropologie, 1889, t. i.) the 
paleolithie cave and river deposits of France with 
those of other countries, and shows that they must be 
of interglacial age 

His classification, I am gratified to find, does not 
materially differ from that given by myself a number 
of years ago. He is satisfied that in France there is 
evidence of three glacial epochs and two well-marked 
interglacial horizons. The oldest of 
stages of Mortillet (Chelléenne) culminated, according 
to Boule, during the last interglacial epoch, while the 
more recent paleolithic stages (Moustérienne, Solu- 
tréenne, and Magdalénienne) coincided with the last 
great development of glacier ice. The paleolithic age, 
so faras Europe is concerned, came toa close during 
this last cold phase of the Glacial period. 

There are many other points relating to glacial geo- 
logy which have of late years been canvassed by Conti- 
nental workers, bat these I cannot discuss here. I have 
purposely, indeed, restricted my remarks to such parts 
of a wide subject as I thought might have interest for 
giacialists in this country, some of whom may not have 
had their attention directed to the results which have 
recently been attained by their fellow laborers in other 
lands. 

Had time permitted I should gladly have dwelt upon 
the noteworthy advances nade by our American bre- 
thren in the same department of inquiry. Espe- 
cially should I have wished to direct attention to the 
remarkable evidence adduced in favor of the periodi- 
city of glacial action. Thus Messrs. Chamberlin and 
Salisbury, after a general review of that evidence, 
maintain that the Ice Age was interrupted by one 
chief interglacial epoch and by three interglacial sub- 
epochs or episodes of deglaciation. The same authors 
discuss at some length the origin of the loess, and come 
to the general conclusion that while deposits of this 
character may have been formed at different stages of 
the Glacial period, and under different conditions, yet 
that upon the whole they are best explained by aque- 
ous action. Indeed, a persual of the recent geological 
literature of America shows a close accord between 
the theoretical opinions of many Transatlantic and 
European geologists. 

Thus as years advance, the picture of Pleistocene 
times becomes more and more clearly devoloped. The 
conditions under which our old paleolithic predeces- 
sors lived—the climatic and geographical changes of 
which they were the witnesses—are gradually being re- 
vealed with a precision that only a few years ago 
might well have seemed impossible. This of itself is 
extremely interesting, but I feel sure that I speak the 
conviction of many workers in this field of labor when 
I say that the clearing of the history of Pleistocene 


the paleolithic | 


period and the causes which gave rise to these have 
been more fully and definitely ascertained, we shall 
have advanced some way toward the better under- 
standing of the climatic conditions of still earlier 
periods. For it cannot be denied that our knowledge 
| of Paleozoic, Mesozoic, and even early Cainozoic clim- 
| ates is unsatisfactory. But we may look forward to the 
| time when much of this uncertainty will disappear. 
| Meteorologists are every day acquiring a clearer con- 
ception of the distribution of atmospheric pressure and 
temperature, and the causes by which that distribu- 
tiou is determined, and the day is coming when we shall 
be better able than were are now to apply this extended 
meteorological knowledge to the explanation of the 
climates of former periods in the world’s history. 
| One of the chief factors in the present distribution of 
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have been given to such questions. Whether awong 
these the correct solution of the enigma is to be found, 
time will show. Meanwhile, as all hypothesis and 
theory must starve without facts to feed on, it behooves 
us as working geologists to do our best to add to the 
supply. The success with which other problems have 
been attacked by geologists forbids us to doubt that 
ere long we shall have done much to dispel some of the 
mystery which still envelops the question of geological 
climates. 


THE BENIER HOT AIR ENGINE. 


IN SUPPLEMENY 695 we gave an illustrated descrip- 
tion of this engine. Five of these engines were shown 
at the Paris exhibition—viz., one of 15 horse power, 
one of 9 horse power, one of 6 horse power, one of 12 
horse power, and one of 15 horse power—working’to 
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atmospheric femperature and pressure is doubtless the 
relative position of the great land and water areas ; 
and if this be true of the present, it nust be true also of 
the past. It would almost seem, then, asif all one had 
| to do to ascertain the climatic condition of any particu- 
lar period was to prepare a map, depicting with some 
|approach to accuracy the former relative position of 
}land andsea. Withsuch a map could our meteorolog- 
ists infer what the climatic conditions must have been ? 

Yes ; provided we could assure them that in other re- 





| spects the physical conditions did not differ from the 
present. Now, there is no period in the past history of 
jour globe the geographical conditions of which are 
| better known than the Pleistocene. And yet when we 
have indicated these upon a map, we find that they do 
not give the results which we might have expected. 
The climatic conditions which they seem to imply are 
not sueh as we know did actually obtain. It is obvious, 
| therefore, that some additional and perhaps exceptional 
factor was at work to produce the recognized results. 
What was this disturbing element, and have we any 
evidence of its interference with the operation of the 
normal agents of climatic change in earlier periods of 
the world’s history ? We all know that various answers 
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AIR ENGINE. 


drive the biscuit machinery in the Palais de l’Alimen- 
tation, Quai d’Orsay. We now give some additional 
illustrations and particulars of this engine, which has 
made rapid headway in France since its introduction. 
Fig. 1 gives a general view of the engine, and Figs. 2, 
8, 4, show the details of the valves for distributing the 
air, with the latest improvements. Fig. 2 is an eleva- 
tion, Fig. 3 a section on the line, AB, and Fig. 4 a 
section on the line, CD. Figs. 5 and 6 give the details 
of the valve for admitting the coke, Fig. 5 being a 
vertical section, and Fig. 6a section on E F in Fig. 5. 
These figures explain themselves sufficiently if read 
with the description on page 11099, SUPPLEMENT 695. 

The consumption of coke per horse power per bour is: 
In engines of 4 horse power, 1°70 kilogs.; in engines of 
6 horse power, 1°50 kilogs.; for 9 horse power, 1°30 
kilogs.; for 12 horse power, 1°20 kilogs.; for 15 horse 
power, 1°20 kilogs.; and for 20 horse power, 1 kilog. It 
is claimed that this is the most economical air motor 
existing, and that it costs only two-thirds of the price 
of a gas engine, and a third of the price of a steam 
engine with boiler. The engines are made by the 
Compagnie Francaise des Moteurs & Air Chaud, 18 Rue 
des Pyramides, Paris.—Industries. 
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PACIFIC | this now well known pattern, was constructed at the 
Baldwin Works in 1866 for the Lehigh Valley Railroad, 
it having been built from the plans and specifications 
of Mr. Alexander Mitchell, then the master mechanic 
of the Mahanoy division of that line. 

This engine had cylinders 20 in. in diameter with 24 


LOCOMOTIVE FOR THE NORTHERN 
RAILROAD. 

THE locomotive which forms the subject of our en- 

gravings this week is not only of special interest as an 

example of most recent American practice, but also 





so NORTHERN. PACHEIC: 0 


cylinders, and werking gear, the engine requires little 
special description, the chief features being clearly 
shown by our engravings. The frames are of the 
regular American bar type, placed at 8 ft. 10 in. centers, 
and their cross connectious and cylinder attachments 
are clearly shown by the engravings. The cylinders, 


—— 


7 


_ “se os : : = (= 
ii omemmeenadie’ 


a 
= 
\s O° — 
~ 


4 
2f) =e) 


rr 


Se 





LOCOMOTIVE FOR THE NORTHERN PACIFIC 





RAILROAD. 


from its being the ten-thousandth locomotive pro-|in. stroke, coupled wheels 4 ft. in diameter, and weighed , it will be noticed, are fitted with balanced slide valves. 
duced at the celebrated Baldwin Locomotive Works. | 90,000 lb., of which 80,000 lb. rested on the coupled | The arrangement of the springs is such as to give the 


wheels. This was, at the time it was built, considered 
an exceptionally heavy and powerful engine, but the 
proached, and considering that the Baldwin Works | latest developments of the class which we now illus- 
are now turning out locomotives at the rate of over a| trate has 22 in. cylinders with 28 in. stroke, coupled 
thousand per annum, it does not appear likely that | wheels 4 ft. 2 in. in diameter, and weighs no less than 
they will lose their position. This ten-thousandth en- | 150,000 Ib., of which 135,000 lb. rests on the coupled 
gine was completed in June last. wheels. The weights just given are those of the en- 

As will be seen from our engravings, the locomotive | gine alone in working order ; but it is accompanied by 
under notice, which is one of several constructed for | an eight-wheeled tender carrying 3,600 gallons of water, 
the Northern Pacific Railroad, is of the ‘*‘ Consolida- 
tion” type, having four pairs of coupled wheels and 
a two-wheeled truck at the leading end. The first 
locomotive, ‘‘Consolidation,” which gave its name to 


This establishment is the only locomotive factory in 
the world where such a record has been even ap- 





little over 100 tons. 
As regards the general arrangement of its framing, 








and weighing in working trim about 75,000 lb., making 
the total weight of engine and tender 225,000 lb., ora 


, engine great flexibility, the spring of the truck at the 
| leading end being connected by a compensating beam 
with the front ends of the springs of the first pair of 
coupled wheels, while the hind ends of these springs 
are connected by beams with the front ends of the 
springs of the second pair of drivers. In the case of 
the third and fourth pairs of drivers a somewhat spe- 
| cial arrangement of springs and levers is adopted. Be- 
| tween the third and fourth axle boxes on each side is 
| placed an inverted plate spring, the ends of which are 
coupled by vertical links to compensating beams which 
pass forward and backward over the third and fourth 
axle boxes respectively, transmitting the loads to them. 
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; “CONSOLIDATION” LOCOMOTIVE FOR THE 
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LOCOMOTIVE FOR THE NORTHERN PACIFIC RAILROAD. 


The other ends of these compensating beams are not} so far as we are aware, never before reached in locomo- 
attached directly to the frames, but are coupled to| tive practice. As will be seen from the section, Fig. 2, 
links which transmit their pull to pairs of helical! the firebox crown is arched and is stayed directly 
springs disposed as shown in our side elevation, Fig. 1,; to the shell in the same wanner as the sides, the 
and transverse sections, Figs. 2 and 4. To facilitate| stay heads being simply riveted over and no nuts be- 
the traversing of curves, the second and third pairs|ing used. This plan has for a great number of years 
of coupled wheels have extra wide tires without| been in regular use in the United States, and its suc- 
flanges | cess is of interest in connection with the discussion 

One of the most noticeable features in the engines | which has of late arisen here respecting the use of such 
we are describing is the exceptionally large size of the | stay bolts without nuts for staying the crowns of fire- 
boiler, the barrel being 6 feet in diameter, a dimension, boxes of torpedo boat boilers. 





| The section Fig. 2 also shows that the firebox is kept 
completely above the frames, the firebox ring being 
directly over the latter. The firebox end of the boiler 
is supported on rocking links, as shown in the side ele- 
vation, Fig. 1. The firegrate has rocking bars in short 
lengths worked by a series of levers linked together, as 
shown in Fig. 1. The engine has the extended smoke- 
box now so generally adopted in American locomotive 
practice, a deflecting screen being provided in front of 
the tubes, and a large grid or spark arrester of the 
shape shown in dotted lines in Fig. 1 being fixed in 
the upper part of the smokebox. 

The engines of the class we have been describing are 
used on grades of 116 ft. to the mile, or 1 in 45°5, with 
curves of 10 deg. or 573 ft. radius, there being reverse 
carves at some points on the grades. According to a 
report dated January 3 last, made by Mr. W. T. Small, 
the superintendent of motive power of the Northern 
Pacific Railroad, the largest load which one of these 
engit-es had taken up to that time was twenty loaded 
cars, weighing about 600 American tons of 2,000 Ib., 
equal to 535 English tons. Mr. Small considers that 
under favorable conditions the average load for these 
engines may be taken at eighteen of the above named 
cars, or in winter sixteen such cars. Altogether this 
type of engine isof very great interest as showing what 
our American friends are now employing to deal with 
exceptionally heavy work.—Hngineering. 


EXPRESS PASSENGER ENGINE, MIDLAND 
RAILWAY. 


ONLY three English locomotives of the first class 
were exhibited at Paris. These were shown by the 
London, Brighton, and South Coast Railway Com- 
pany, the Southeastern Company, and the Midland 
Company, whose engine forms the subject of our en- 
graving. The Midland system is one of the heaviest 
in the kingdom, traversing, as much of it does, a very 
difficult country. The speeds are high and the trains 
weighty. 

Hitherto all the powerful locomotives have been 
coupled. The engine exhibited at Paris is, however, a 
new departure, being a single engine—it is, we may 
add, the only single engine in the exhibition—its use 
being rendered possible by the adoption of Gresham 
& Craven’s sand blast system, by which a fine spray of 
sand is blown under the treads of the driving wheels 
by jets of steam. 

The following tabular statement gives particulars 
and dimensions of the engine and tender : 








ft. in 
Diameter of cylinders............. -1 6% 
BOSE cc cc cv cscs 06. 0590060:000008% 2 2 
Tiaep OB CRAG. cs occcssccerecvccecenss 01 
Lead of valve in full gear........... 0 4X full. 
Distance of cylinders apart......... 2 4 
Diameter of driving wheels......... 7 6 
ss of bogie wheels........... 8 6 
_ of trailing wheels......... 4 4 
Bogie center to driving center... .. 10 
Driving center to trailing center.... 8 9. 
Bogie wheel centers................ 6 0 
Wheel base, engine, and tencer..... 48 24 
WOrKIMG PPORIUTO: «020000. cc ccccee. 160 Ib. 
Length of boiler barrel.... ......... 10 ft. 4 in. 
Mean diameter outside barrel....... 4 ft. 2in. 
Fire box, outside length....... ... 6 ft. 6 in. 
Premver Of TOMEI «.«:05.0.05- 08. 00000 . 244 
€ » £ 
Diameter of tubes. ............ ; ~ if io, 
Heating surface, tubes...............1123°5 sq. ft. 
” SO MOR c. vesive. can 117 ‘ 
- = eee es 12405 * 
ne PE ae rere oS: * 
Engine weight, working order...... 43 tons. 
Weight on driving wheels...,....... 17 tons 10 ewt. 
Tender, water capacity............. 3,250 gals. 
* coal 54 TOOT 
“weight working order..... 30 tons. 
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to Not- 

170 to 215 tons. 
.9 to 13 carriages. 
534¢ miles 

20 to 23 Ib. 

124 miles. 


Average gross load, London 
tingham - a 
Equivalent vehicles af 
Booked speed per hour ......... 

Coal consumed per mile 
Longest run without stop. 


A glance at our engraving is quite sufficient to show 
that Mr. Johnson has designed an exceedingly hand- 





some engine ; and the finish and workmanship gen- 
erally are of the highest class. The engine is painted | 
the beatiful dark red which Mr. Johnson has intro-| 
duced with so much benefit to the pockets of the| 
shareholders ; and the large brass driving axle boxes | 
have an admirable effect 

The engine was designed in 1887, and there are now} 
at work or in course of construction fifteen of the class. 
In the engine exhibited the boiler is of steel ; the barrel | 
is composed of three rings put together telescopic fash 
ion. The side frames approach each other in front to 
give room for the bogie. This is of the normal Mid- 
land type, with inside frames and balance beams. It 
has a horizontal traverse of about 14 in., controlled by 
lateral springs. The spectacle plate is of cast steel. | 
The valve gear is of the ordinary Stephenson’s link 
type.— The Hngineer 
THE ATLANTIC | 

PORT. 

THAT splendid expanse of almost land-locked water, 

Milford Haven, is now provided with the indispensable ' 


MILFORD DOCKS NEW 
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adjunct of a set of first rate docks, after severe vicissi- 
tudes of fortune had been undergone by the company 
which undertook their construction. They have cost 
a willion sterling. There is a graving dock over 700 ft. 
long, wet docks capable of receiving a dozen great 
liners at once, miles of quays, a railway running close 
to the landing place, and, above all, the power of en- 
tering and leaving at any state of tide. At length 
everything was finished, and the contracts with steam- 
ship owners and the Great Western Railway were not 
only signed, but, on October 24, carried into actual 
yerformance. On that day, at 5:30 p. m., the Anchor 

ine steamer City of Rome, from New York, anchored 
at Dale Road, one of the many inlets within Milford 
Haven. She had on board 160 packages. of luggage 
and 122 passengers, all of whom were members of Mr. 
Barnuim’s troupe, which is just about to opeu Olympia 
with “ The Greatest Show on Earth.” Having landed 
her passengers, etc., the City of Rome left for Liver- 
pool. Thetrain containing the passengers and bag- 
gage started for London at 10:20 p. m., and performed 
the journey to Paddington in a few minutes over six 
hours. Sanguine expectations are formed that for 
passenger, as distinguished from goods, traffic, this 
route to and from America will become popular, as it 
will save the fogs and difficult navigation of the Lrish 
Sea. For passengers whose ultimate destination is 
London or the Continent, Milford is very little farther 
off than Liverpool, with the advantage of avoiding 





| ail work ceased, to be taken up again only a few 
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what is often the most unpleasant and dangerous part 
of the sea passage.—London Graphic, 


NEGLECTED MONITORS. 
a Lieut.-Comdr., U. 8. N. 


On March 9, 1862, the Monitor, an unpretending and 
almost insignificant vessel to all outward appearances, 
startled the world into a realizing sense of the weak- 
ness of its navies. Compared to this wonder, whose 
inception and completion had gone on almost un- 
noticed and without comment, all other types of 
war vessels became discredited, and, after the two 
days’ fight at Hampton Roads, it was evident to all 
that a revolution would take place in the mode of con- 


BRICK, 


| structing fighting ships for sea. 


Many contracts were immediately issued by the 


| government, and a large fleet of monitors rapidly built, 


each new vessel being an improvement upon the last, 
correcting the weakness of it predecessors, and ipsur- 
ing safety, effectiveness, and comfort for the crew. 
This progress continued until the end of the war, when 
years 
since by the advisory board; and by accident alone 
the monitor was perpetuated by advice of this board 
in the five monitors now rebuilding. The changes and 
improvements contemplated in these vessels are more 


| the result of replacing old material than of experi- 
mental development, and the improvement upon the 


original monitor way be considered as only commenced 
compared to the attention up to this time bestowed 





then recede inboard to the thickness of the plating, 
the latter resting on this shoulder, flush with the out- 
side hull, which, being bent in to form the shoulder, 
continues up inside the plating to the height of the 
deck. The five monitors rebuilding have some im- 

rovements upon the old ones, especially in the venti- 
ation and provision for the comfort of the crew ; yet 
the apathy which followed the close of the war has 
denied them a vigorous consideration among the iron- 
clads of the day and left the monitors far behind in 
the perfection they would have reached had this sys- 
tem been adopted as the true type, improved upon 
under the test of experience ; such improvement would 
have followed had they been kept afloat in all these 
years past as a part of our cruising navy. 

The loss of the first monitor, the meager accommoda- 
tionsof vessels of her type, and the natural antipathy 
against being fastened below, particularly in gales of 
wind, have combined to form a deep-seated though 
unjust prejudice in the minds of seamen against the 
safest, stanchest, and most formidable vessels in the 
world. 

Against these erroneous and injurious impressions 
adverse to monitors, there is everything to be said in 
praise of them. First, the monitor is a superior sea 
boat, or there is no analysis of what constitutes sea- 
worthiness. From her very construction, the two 
great dangers of the ocean, the strength of the sea and 
the wind force, are disarmed, the former partially and 
the latter entirely. There being no top hamper as a 
disturbing influence in accommodating herself to the 
motion of the waves, she pitches and rolls less, which 
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upon the broadside ironclads of Europe. Every 
means has been used abroad to perfect the broad- 
side system taken from the Merrimac as.a basis; the 
work has gone steadily on at enormous expense, but 
the result is as yet unsatisfactory. 

During this period the monitor has been left in abey- 
ance, as it were, but it has never passed out of sight. 
Hundreds of others of different types have sprung up 
and disappeared, the designers of each claiming in the 
last that the true type had been found. But the 
monitor class, although neglected for years, has never 
lost its place as a factor among the ironclads of the 
world. The question arises, why has the monitor been 
neglected? Is it because there is an unwarranted 
doubt of her seagoing qualities, with which the mis- 
fortunes of the first monitor enshrouded it? The loss 
of that vessel could not reasonably be a reflection upon 
the safety of those that followed, for she was designed 
for service in the inland waters. Her construction, 
not unlike that of a New York ferryboat, showed that 
she was manifestly never intended by her designer to 


be sent to sea. The structural weakness was in the | 
overhang, the deck being so arranged that the beams | 


rested on the hull proper, projecting some feet beyond, 
upon which the plating was fastened. The sea striking 
under this extension, started the deck from the hull and 
caused her loss. 

Subsequent monitors have no overhang. The iron 
hulls are built up to where the outside plating goes on, 








decreases the strain upon her hull and frame ; and 
since the source of danger is directly involved in the 
strain and torsion incident to heavy rolling and pitch- 
ing, it therefore follows that, if a monitor’s hull is put 
together with the same care as a vessel of higher free- 
board, she is the safer sea vessel. Again, she is the 
only ironclad that has stood the test of war. After 


| years of neglect she meets the requirements of to-day, 


containing all the best elements sought for in the 
modern men-of-war, bearing testimony to the great 
forethought of her designers. 

Machine guns of the secondary battery are empha- 
sized features in the modern man-of-war. Their effect 
upon a monitor would be no more than from so many 
pea-shooters. Protection against machine guns has 
entered so much into modern shipbuilding that a man- 
of-war of to-day is distorted into every conceivable 
shape to accommodate this addition to her battery 
proper, incumbering the decks with steel shields to 
protect the lighter battery as well as the heavy guns, 
cramping the gunners, limiting their view, and, what 
is still more important, in action endangering the lives 
of the crew from steel splinters. 

The change from wooden ships to ironclads was fol- 
lowed by a still greater departure from the former 
mode of combat. Ramming, with heavy guns mounted 
on the bow and stern, is the essential consideration in 
the present ironclad, for which end every contrivance 
has been to by the constructors, and, in many 
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instances, at a great sacrifice of safety and speed. The 
monitor from the first conception provides for a di- 
rect fire ahead and astern and in every other direction, 
The decks are clear and there is a free view of the hori- 
zon from the guns, so that she can concentrate the en- 
tire fire of her battery on nearly every point of the 
compass. Her stability and easy roll admit of the 
guns being cast loose and fired in a seaway that would 
render them unserviceable in most ships of higher free- 
ard. 

= function, also, of her stability is effectiveness in 
aiming and firing. This latter advantage cannot be 
dwelt upon too much in comparing the monitor with 
other ships. A matter of still greater importance is 
the small amount of surface exposed to the enemy’s 
fire. This surface will not exceed one eighth the target 
in a broadside ironclad of equal tonnage, and it is still 
further reduced when we take in consideration the 
shape of the turrets, which will deflect any projectile 
not striking nearly in the center. In resisting an at- 
tack of torpedo boats, which are necessarily rapid 
and unexpected, the monitor has every element of 
protection, in an extended view and a clear deck. 

The readiness with which men can get to their guns, 
combined with a patrol of watchful picket boats, is 
the best protection to-day. Rigging torpedo nettings 
around a vessel is placing her in dangerous helpless- 
ness, revolting to any prudent seaman. In rapidity of 
turning the monitor is the superior of any class of 
vessels afloat of the same dimensions. The excellent 
qualities shown in this respect result from the twin 
screws and peculiar construction of the hull, placing 
the vessel under such complete control that she can 
turn round on her heel without headway. This is the 
wost important of all requirements, either in single 
combat or in the engagement of fleets, whether called 
upon to ram or ward off a blow, since experience 
teaches us that this is to be the future mode of warfare. 

In the engagement between the Monitor and the 
Merrimac this mode of fighting was initiated, and has 
been followed out in the battle of Lissa and other en- 
gagements. The Monitor was superior to the Merrimac 
in maneuvering. Although the latter was larger and 
mounted more guns, she was disabled and barely made 
her escape, while the Monitor was in as good fighting 
condition as at the commencement of the action. The 
two types of vessels with all their imperfections were 
fairly pitted against each other. There is no doubt, if 
the improved vessels of to-day representing the respect- 
ive types become engaged in battle, the effect in its 
results would be a reflection of the first fight. 

The lesson at Hampton Roads was lost upon the 
world as to the relative merits of the two principles 
involved in the construction of the ships. Contenting 
ourselves with looking idly on at shipbuilding abroad, 
speculating upon the success of the magnificeut vessels 
yearly launched in Europe, we are to take advantage 
of these improvements, so we are told, and thus make 
ready to pounce down upon the right thing when it 
has been discovered at some one else’s expense. What 
should be our mortification now in seeing the tendency 
of European construction drift into the monitor’system 
while we who have been parading our shrewdness in 
profiting by others’ experience did not comprehend 
that we held in our own hands what the world for 
these past years has been seeking. 

Although the Monitor was the successful vessel at 
Hampton Roads, Europe adopted the type of the in- 
ferior ship as the principle upon which to improve. 
Asa result, we have to-day the anomalous spectacle 
of England building down, as it were, the broadside 
ironclad to accommodate the monitor system. The 
tendeney of the English constructor now is toward the 
monitor type as represented in the ironclads Hero and 
Conqueror, two of the latest and most efficient ships 
in the British fleet. Both have turrets forward, and 
the forward half of the vessel has a low freeboard and 
a clear deck, similar to the Monitor. 

The low freeboard of the monitor has been a cause 
of distrust, when in reality it is an element of safety. 
This is exemplified in the low freeboard of merchant 
vessels loaded down to within a few inches of their 
decks, with the water often washing across in the 
waist in a moderate seaway. To be thus loaded is 
supposed to add stability and consequently safety. 
Many transatlantic steamers, deeply loaded, represent 
more plainly the characteristics of the monitor as a 
sea boat. The spar deck of the steamer is deserted in 
rough weather, and the sea given full possession of that 
deck from the bows to the stern. The houses on the 
spar deck in such steamers are built of iron plating, 
with strong iron doors, which are battened and secured | 
on the inside. No one can venture on this deck with- 
out risk of being washed overboard. The upper deck 
of the steamer, by comparison, represents the bridge 
of the monitor, extending between the top of the tur- 
rets, except that the lower deck of the former is cover- 
ed with dangerous obstructions, while the latter has 
everything free and clear. 

If the monitor Puritan, now under construction, had 
the latest improved armor, high power guns, and mod- 
ern engines, developing a good speed, she would be 
the most powerful war vessel afloat, capable of cruis- 
ing with safety to any part of the world. With a sin- 
gle turret, vessels of her class would be able to increase 
their speed and coal capacity to all requirements for 
the highest speed and steaming distance. 

The whole history of the monitors is a protest against 
their being classed as harbor defense vessels in the 
face of their seagoing qualities. Four years of war, 
riding out the heaviest gales in the Atlantic Ocean, 
and in every instance with more safety and comfort 
than other classes of vessels in their company, is a suffi- 
cient test of seaworthiness. Add to this the voyage of 
the Miantonomah to Europe and the Monadnock 
around the Horn, and we have practical tests sufficient 
to satisfy the most skeptical. 

With every element to recommend the monitor, from 
her safety at sea, economy of construction, and limited 
number of crew, to her simplicity in structure and 
great strength as a war vessel, there is no accounting 
for the neglect in not taking advantage of these quali- 
ties, except the prejudice of seamen and the impres- 
sions left from the loss of the original monitor. 

Of late there has been less attentién given to the 
building of rams, one of the most important factors 
i fleet fighting. A vessel of the monitor type is 
Particularly adapted for this purpose. In fact, all 


| Sir William Thomson’s magnificent series of papers 





—— be built up very strong in the bow for 


Let us suppose a fleet of fifty monitors, such as the 
Puritan, with the improvements described above, 
formed in line of battle off the port of New York for 
its defense. The probable formation would be in 
double line, designated as the right, left and center, the 
rear ships in the line instructed to guard the one in 
her immediate front, and continue in company for this 
purpose throughout the action ; two torpedo boats for 
each monitor, fifteen rains stationed with the adimiral’s 
flagship in the rear and center of the squadron. This 
would be the probable disposition of the squadron to 
meet a force of equal or greater numbers, A fleet con- 
structed and organized as the above is prepared to 
cruise around the world in safety or to take the offen- 
sive against any port in any land whatsoever.—Army 
and Navy Journal. 





ON MECHANICAL ENGINEERING IN ELECTRI- 
CAL INDUSTRIES.* 


By Prof. JoHN PERRY, D.Se., F.R.S: 


As a mechanical engineer whose apprenticeship be- 
gan twenty-five years ago, and who has paid a con- 
siderable amount of attention to electrical matters, I 
feel that I have asort of experience which warrants 
my speaking to you on the subject which I have cho- 
sen for this address. 

Unfortunately, however, [ find, like others in such 
a position as this, that a man who is busily engaged 
not only in teaching, but also in active practice in the 
engineering profession, finds very little time for put- 
ting forward his notiens with either the literary finish 
or the completeness of treatment which his subject 
deserves. 

Until a few years ago the construction of electrical 
instruments and machines and their erection and use 
were altogether in the hands of electricians who knew 
little about electricity and who knew almost nothing 
of mechanical engineering. At present the best dyna- 
mos are made by experienced mechanical engineers 
who have somehow picked upa working knowledge of 
electricity, and for the last ten years I haye tried to 
impress upon yvung electricians the necessity which 
exists for their learning how to make working draw- 
ings, and to make mechanical calculations, as well as 
for their being trained in the shops to use the hammer 
and chisel, and to learn the use of machine tools ; in 
fact, that they must become good mechanical engi- 
neers as well as electricians. The electrical industries 
are more aud more demanding the experience of the 
mechanical engineer. It is true that among the rank 
and file, for every hundred stokers, engine drivers, 
fitters, and wachine shop hands employed there will 
always be need for perhaps ten nen who may be called 
electrical plumbers, but { ain not now thinking of the 
rank and file. 

In 1860 it was almost unknown, and in 1870 it was 
very little known, that exact calculations wight be 
made concerning electric phenomena; that is, that 
there was a science of electricity as distinguished from 
a mere natural history. 

There were indeed publications in which the specu- 
lations of Franklin and other writers of from seventy 
to one hundred years ago on the nature of electricity 
were fully entered into. Careful descriptions were 
given of rubbed glass plate machines, of batteries of 
Leyden jars, the giving of shocks, the production of 
scenic effects by electric sparks, and the use of glass- 
legged stools. In general, such information was given 
as night be found useful by practical jokers. The in- 
formation on magnetism was of much the same child- 
ish order. The department of voltaic electricity, or 
galvanuism, as it was called, consisted of descriptions 
of various forms of voltaic cells and of methods of 
joining cells together so as to produce a maximum 
current in a circuit, with perhaps a description of the 
single ueedle telegraph. The book was usually re- 
deemed from worthlessness by some account being 
given of Faraday’s experiments; but readers found 
that the main outcome of Faraday’s work was the 
Ruhuwkorff induction coil, whose most important fune- 
tion was to illuminate Geissler’s tubes for children’s 
parties. In fact, it may be said that up to 1870 the 





writers of books, and nearly all the teachers of electri- 
city at schools and colleges, remained in a state of igno- | 
rance of everything except what may be called a list | 
of electric tricks. 

And yet the science of electricity as we know it now 
had really been developed. The researches of Caven- | 
dish and Faraday and Joule were known to a few, and | 


had been buried in journals and learned society tran- 
sactions for, some of them, more than twenty years. 

Now what distinguishes the engineer is this : he can 
design a thing which he knows will work if it is con- 
structed exactly to his design. He makes exact calcu- 
lations, but to do this he must havea quantitative 
knowledge of the phenomena he deals with. And the 
origin of Thomson’s work, the origin of an exact 
knowledge of electrical phenomena, was this: Thoim- 
son was an engineer, he was engaged in practical tele- 
graphic work of such a kind as necessitated his 
knowing quantitatively about the phenomena he was 
dealing with, and, like an engineer, he proceeded to 
acquire the necessary information ; whereas the ordi- 
nary telegraph operator, the qguasi-scientifie experi- 
menter and teacher, the popular lecturer, knew noth- 
ing of the fact that electricity can be measured. We 
cannot imagine a mechanical engineer regarding a few 
inches as being equal toa distance of some miles, or 
even of some thousands of miles, or his assuming that 
steel and brick are equally strong. We cannot imagine 
a grocer to confound an ounce of sugar with a ship’s 
load of the same material, and yet these absurd no- 
tions give but too truthfal an idea of the vagueness, 
of the general want of definiteness, which, till a few 
years ago, existed in the minds of nearly all men who 
called themselves practical electricians. 

Observe that I am not contemning the labors of ex- 
perimenters who did not have quantitative knowledge. 
In fact, the result of the work of such experimenters 
has very often been that an interesting problem has 
been put before the mathematical physicist, and 
it is sometimes forgotten that it is almost never 
the solver of a difficult problem, but really the setter 
of the problem, who is an inventor. I can throw ridi- 
eule upon the contrivances that I and many others 
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have made in the past, but I know that the failure 
and partial success of such contrivances has taught us 
and the world how important itis to have an exact 
knowledge of the phenomena we deal with. 

Such an exact knowledge of electricity is now rea- 
dily obtainable, and it is well to consider how it was 
that this new engineering science was created with so 
much rapidity that in the last ten years a greater ad- 
vance in its practical applications has been made than 
ever before in the history of the world. 

Between 1860 and 1880, greatly in consequence of the 
work done by the Science and Art Department in this 
country, and its reflex action in other countries, some 
knowledge of the principles of electricity, which until 
then had only been known toa few people, became 
the property of thousands of mechanics, and it may 
almost be said that the rate of progress of electrical 
discovery became proportional to the number of peo- 
ple who had a little electrical knowledge. For exam- 
ple, what was wanted for the proper working of an 
are electric light became known to many people, and 
inashort time hundreds of interesting methods of 
regulation were in use. The small magneto-electric 
machine, a toy for giving shocks and adding to the in- 
comes of certain medical men, led to the machine of 
Wilde in 1866, which had electro-magnets. In that 
year Varley, who was Thomson’s partner, and others 
made independently one of the grandest discoveries of 
the century, and presently a machine wasin use which 
excited its own field magnets, the type of all dyuamos 
ever since. With this principle of Varley’s, and using 
the form of armature ewployed by Pacinotti in 1860, 
Gramme invented, some time later than 1871, his fam- 
ous dynamo, which first revealed to the world how 
large might be the output of electrical power from a 
swall machine. Ail the time from 1866 to 1883 there was 
an ever increasing number of mechanics contriving and 
trying their inventions and demanding aclearer know- 
ledge of electricity, and at length some of the few who 
had the knowledge put their knowledge in simple lan- 
guage before the world. The result was that in 1883 we 
had not only the Gramme and Alteneck or Siewens and 
Brush machines, but hundreds of others, which differed 
from one another mainly in mechanical construction. 
Even at this time there was no quantitative knowledge 
available concerning the magnetic circuit of the dyna- 
mo; but about five years ago Dr. Hopkinson, a well 
known Whitworth aalatandiiamanl its law in seeking 
to improve that form of the Alteneck dynamo called the 
Edison, and showed that it was possible to have twice 
the output from a wachine of given weight with a sa- 
perior efficiency, so that pow the simple laws not merely 
of the electric but of the wagnetiec circuit of a dynamo 
can be readily understood by any engineer, and in 
consequence the construction of dynamos and motors 
and other electrical contrivances is rapidly becoming 
as perfect as the construction of the modern steaw 
engine. 

Let us give all honor to the experimenters who try 
all sorts of apparatus, some of them to be afterward 
condewned as absurd, till they produce the germ of a 
useful invention ; to the scientific men who use their 
mathematics and measuring instruments and give us 
exact laws. But we are not detracting from the honor 
due to these men when we also give credit to the me- 
chanical engineers, without whom an invention would 
remain merely an interesting yet badly constructed 


toy. 

What particularly attracted the attention of the 
mechanical engineer to the new science, from 1878 to 
1888, was the fact that by means of a dynamo, A, 
driven by a steam engine or water wheel, and another 
dynamo, B, called a motor, and connecting wires be- 
tween them, mechanical power in large quautities 
might be developed by B with very little loss in tran- 
sit; that there might be wany motors, B, worked from 
one or many dynamos, A; that the motors wight work 
printing presses, or machine tools, or pumps and fans 
in mives and tunnels and other places to which com- 
munication of any other kind than by simple wires 
was almost impossible, or any other fixed machinery, 
or, again, railway carriages or tram-cars, or telpher 
trains in motion, and that electricity, the agent here 
ewployed, is not only capable of transmitting thou- 
sands of horse power to immense distances with great 
economy, but it is an agent by means of which it is 
natural and easy to transmit signals and perform func- 
tions of a most complicated character at great dis- 
tances, and so lends itself to most curious kinds of auto- 
matic working. They learned also from Lane-Fox and 
Swan that the energy sent out by the same dynawo, 
A, could not only be used with accumulators, but be 
utilized in giving a most beautiful light, distributed in 
any required way, and they knew that the greater 
part of the work to be done in this pew industry was 
purely and simply mechanical engineering. 

The mere fact that dynamos could convert several 
horse power was in itself enough to produce a revolu- 
tion in one’s regard for electrical matters. Hitherto 
we had looked upon telegraphy as a beautiful adjunct 
to railway and other kinds of engineering, but the 
power required to operate the telegraphic apparatus 
at Valencia is one one-willionth of a horse power, and 
really, the transmission of this power from America, 
accoin panied as it was by a waste on the road of some- 
thing like 99 per cent. of the total power sent in at 
America, could hardly be regarded as having any con- 
nection with mechanical engineering. Hitherto the 
mechanical engineer had concerned himself with the 
machinery required to draw iron and copper wires, to 
cover wires with silk or cotton, gutta-percha or India- 
rubber, with cable ships and their steam engines and 
propelling apparatus, and with the specially contrived 
machines for paying out cable and picking it up. In 
a thousand ways the electrical industries required the 
help of mechanical engineering, but in the very same 
sort of ways so did the ladies’ dressmaking industries. 
The new discovery reafly amounted to the discovery of 
a new department of mechanical engineering, for it 
soon bevame evident that the dynamo, A, was analo- 
gous with a force pump for water, and the motor, B, 
with a water pressure engine, and the wires represent- 
ed the communicating pipes in a system of hydraulic 
transmission of power, and that just as in the hydrau- 
lie system we could reduce the loss in transmission 
either by increasing the diameter of the pipes or by in- 
creasing the pressure, so in the electric system we 
could reduce the loss either by increasing the size of 
the conducting wires or by increasing the electric 


pressure. 
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Of course, it was at once seen that as dynamos must! Now, the distribution of the fixed and movable iron 
be driven, steam engines and boilers must be put up, is what Dr. Hopkinson has given us exact, simple in- 
and the belt, or rope, or friction gearing, or direct | formation about, and the sizes of the iron parts must 
coupling employed in driving, could differ very little | be settled first. But the magnetic laws, although easily 
from what are employed in driving fans, pumps, and | stated, cannot be understood by the designer and in- 
other machinery. In arranging a central station there | stinetively applied, all so simple as they seem, without 
would be electric plumbing to be done, and some per- | a considerable amount of study and numerical calcula- 
son must havea working knowledge of Ohm's fen, | tion. I will not here enter into them, but it may be men- 
which is a law easily understood by the hydraulic en-| tioned that although it seems very easy, it is really not 
gineer. Given a little motor which you can cause to! very easy to get into the way of using the centimeter 
revolve in either direction by setting a handle on a tram | (about two-fifths of an inch) as the unit of length. I 
car, it does not seem to be a troublesome thing to ar-| have tried in various ways to avoid using this unit, but 
range a method of driving the car from the motor ; nor| I am sorry to say that in these calculations all measure- 
is it troublesome to drive an electric launch from a| iments must be taken in centimeters, and the dynamo 


motor worked by accumulators. 

And yet in the early days, what high salaries we had 
to pay for the minimum of knowledge of electric plumb- 
ing, combined with nearly the ninimum of mechanical 
engineering knowledge. How much trouble we had 
over the gearing connectirg an electric motor and the 
wheels of atram car. Well, those expensive days are 
over—the days of advertisement and Stock Exchange 
success, of making bricks without straw. Various edu- 
eational institutions have now given us the straw, and, 
as a matter of fact, we see that the best man to take 
charge of a system of distributing light and power is 
an experienced mechanical engineer who possesses a 
good working knowledge of the simple laws which 


govern electric distribution in wires. Of course, this | 


is on the assumption that the engineer has not to con- 
struct his own dynamos and lamps, and switches and 
wires and motors, and accumulators and transformers. 
Just one year ago I impressed this on an experienced 
engineer who knew almost nothing about electricity. 
He now knows how to apply Ohm’s law in all necessary 
ways in the large scheme which he is carrying out, and 
he has a better practical knowledge of electric dis- 
tribution and of all the calculations to be made than 
any of the electricians in his employment. 

When I say that the mechanical engineer ought to 
learn Olimn’s law, I mean that he ought to pass through 
a proper laboratory course, and make numerical caleu- 
lations in which he will illustrate all sorts of ways in 
which this simple-looking law is applicable. A know- 
ledge of what is meant by amperes, volts, ohms, and 
watts cannot be obtained merely by listening tu lec- 
tures or by reading. Just as a little use of a watch, of 
a two-foot rule, and of a spring balance give exact 

‘practical notions of the measurement of time, of dis- 
tance, and of force, so the use of an ammeter and volt- 
meter will give exact practical notions about Ohm's law 
and electric measurements generally. 

And now as to the construction and manufacture of 
electrical appliances. Given perfect working drawings 


| designer must get used to thinking of distances, not in 
|inches, but in centimeters. There is no doubt that 
| this is a great affliction, for he still uses the inch as his 
junit of measurement when making calculations of 
| strength and stiffness. 
| What comes very easy to the engineer is the notion 
| of and the measurement of the efficiency of a dynamo. 
It is not unusual for manufacturers to distinguish be- 
| tween the electrical efficiency and the commercial effi- 
|cieney of adynamo. However useful the term “ elec- 
trical” efficiency may be to those whose object it is to 
|sell machines, to the engineer ‘‘the efficiency” is the 
| useful output of electrical power divided by the me- 
chanical power actually given to the machine. 
| Power is wasted in the machine, first, at the journals 
and brushes in mechanical friction ; second, in air fric- 
tion ; third, in what may be cailed magnetic friction, 
|}and unless care is taken in properly dividing and insu- 
lating the iron and other metal of the armature to pre- 
vent induced currents circulating in it, this metal, and 
sometimes the metal of the fixed magnet at its pole 
pieces, gets greatly heated ; fourth, in electric friction 
in the wires of the armature, because electric currents 
flow through them—it is, indeed, this loss of energy, 
|or rather the rise of temperature produced, which de- 
| termines the output possible from a given size of ma- 
chine ; fifth, a loss due to the reversal of current con- 
| tinually going on in the coils of the armature as they 
yass the brushes. You see that I have separated these 
ee and each can be measured separately ; but my 
ability to separate them, however interesting and 
useful it may be, gives me no right to leave out any one 
|of them in stating the efficiency of the machine. 
| In electrical transmission of power we can measure 
| with great exactness the efficiencies of the dynamo and 
motor. An easy measurement, or, indeed, in most cases, 
an easy calculation of the resistance of the conductors 
between two places, enables us to make exact calcula- 
tions as to the loss in transmission. In fact, a distin- 
|guishing characteristic of electric work, something 


of any machine or instrument, with necessary instruc- | which is rather absent from hydraulic work and other 
tions, the manufacture may be carried on by the ordin-| methods of transmitting power, is the accuracy and 
ary foremen and workmen of any engineering shop. If | ease with which we can make such calculations. 

I can be sure that my instructions shall be carefully| The mechanical engineer may safely be left to the 
carried out, I prefer to have my work done at such a| problem, ‘*‘ What is the best length and shape of the 
shop. Only if something is specified as charcoal iron it| journals of a dynamo?” Even in this, however, he 
must not be made of Siemens steel, as, I am sorry to say, | will find special conditions presented to him. For ex- 
it very often is, or of malleable cast iron, as it some-| ample, the rotating part of a dynamo is always, or may 
times is. 





paper, then Willesden paper,and no other material, 
must be used. 

As workmen obtain more electrical information, and 
therefore understand better why such instructions are 
given, there will be more certainty of their being at- 
tended to. This manufacture may really be said to be 
altogether in the hands of the mechanical engineer, 


and if he would only try to gain what is easily gained—a | 


working knowledge of electricity and magnetism—the 
design of electrical contrivances would also be in his 
hands; for even now many electricians are not suffi- 
ciently alive to the importance of drawing. One gen- 
tleman I know, who has designed many successful in- 
struments and machines, followed this procedure : He 
went to his instrument maker and gave careful instrue- 


tions, illustrated by sketches, as to the making of a} 
At the end of a fortnight he went to | 


new instrument. 
see the instrument as made, pointed out that it was 
not at all what he wanted, and gave better instructions 
for a second—for, indeed, his own ideas were now clear- 
er; went again and recommended changes to be made, 
and again and again, sometimes seven visits, with 


seven radical changes, taking place before the instru- | 


ment was satisfactory. It required ocular demonstra- 
tion to convince him that one could have every detail 


exactly as one wanted it in the first instrument made | 


to a working drawing. 

[ am sorry to say that I have found it impossible yet 
to depend upon the good mechanical draughtsman to 
design new electrical appliances. You may explain to 


him most carefully what you want, and look over his | 


drawing half a dozen times, but wrong details are 
sure to escape your notice, and his own knowledge 
of electrical matters is as yet very poor. The man who 
designs a new electric appliance must be a good me- 
chanical engineer, which assumes that he is himself a 


good draughtsman ; and he must also be a good elec- | 
trician, and it only leads to fitting and trying and par- | 


tial failures for two men with the two qualifications to 
work together, each trying to supply the deficiencies of 
the other. The reasons for this may become more evi- 
dent if I consider with you the design of some one elec- 
trical contrivance, and nothing is better for our pur- 
pose than a dynamo. 

A dynamo consists of an armature wound with insu- 
lated wire, revolving in the field of a fixed electro-mag- 
net. [The action of a dynamo was here briefly deserib- 
ed by the help of a diagram.] You will observe that 
when matter of any kind moves in a magnetic field, 
there is an electro-motive force set up, tending to pro- 
duve an electic current, and to convert mechanical into 
electric energy. If the matter is conducting, like cop- 
per and other metals, the currents cireulate locally in 
the conductor, the electric energy being wasted as heat. 
But when we know the exact laws of the phenomena, 
we can arrange that the currents shall be sent through 
metallic circuits outside the machine and utilized. If 
a disk of copper revolves so that the magnetic flux is 
sometimes at right angles to and sometimes parallel to 
its face, there will be a great resistance to its motion 
and a great waste of power, because of local or ‘* Fou- 
eault” currents, whereas, if it revolves sothat it is al- 
ways edge on to the flux, there is but little waste of 
power. [The general arrangement of the fixed part of 
the machine was described, and it was incidentally 
mentioned that the iron parts when ina state of strain 
are less magnetic. | 


If plates are shown separated by Willesden | always be made to be, well balanced. The speed is 





usually high, so that gyrostatic action on board ship 
| must not be altogether neglected. Sometimes the dy- 
}namo is driven direct, and if a flexible coupling be not 
employed, considerable pressure may be produced at 


the bearings; or it may be driven by belting to its over- | 


hung pulley, and again we have to consider the pres- 
sures. 

Two years ago I had careful measurements made of 
the diameters, lengths, and speeds of the journals of 
all the dynamos and motors belonging to a certain edu- 
cational institute. There were twelve altogether, and 
| they were all from well-known electrical engineers. At 
| that time I said that large dynamos of the future 
| would have roller bearings, but hitherto my prophecy 
has not been fulfilled. Well, I was unable to find any 
law connecting the dimensions, and speeds, and 
weights, not merely of the whole twelve, but even of 
any group of them, until I took into account a possible 
want of balance and spring of the spindle under cen- 
trifugal force, and then I was able to find a rule.* 

It then struck me that possibly the well known rule 
| for ratio of length to diameter of journals in ordinary 
shafting, which has been found to work so well, and 
yet for which we have hitherto seen no reason, is really 
explainable on considerations of possible centrifugal 
force. 

Then as to oiling, we have not merely to think of 
| the necessity for a regular supply of oil, but of pre- 
| venting this oil from penetrating the neighboring com- 
;}mutator. A very little oil on the commutator surface 
is not objectionable, but in certain places, where there 
are short spaces of surface insulation, if a spark once 
passes through oil it may leave a carbonized residue, 
which destroys the electric insulation. 

It is important that the dynamo should be efficient, 
but it is even more important that it should be durable. 
It is true that efficiency and durability go together to 
someextent. For example, it is difficult to imagine 
that a machine shall waste much energy by the fifth 
| cause already mentioned, which leads to sparking at 
| the brushes, or by friction at the bearings, and yet be 
| very durable. In some respects, however, they are 
| antagonistic; and here we see why two men—one 
| Solely mechanical and the other solely electrical—are 
| unable to assist one another much, and that one man 
| must combine in himself the necessary mechanical and 

electrical knowledge. 
| Everything must be as strong as possible, yet there 
|must be good electric insulation everywhere. Again, 
strength of armature seems antagonistic to the neces- 
| sity for great division of the iron so as to avoid Fou- 
ecault currents. The electrician wants as great cireum- 
ferential speed as possible in the armature, but the me- 
chanic points out that considerations of centrifugal 
force will only allow of higher speeds as the diameter 
of the armature is greater. The electrician retorts that 








| * Making certain probable assumptions as to want of balance, I found 
| that for a particular type of machine 

i 

a@=a4+ bn //Z, 
| ought to be approximately satisfied in weil made machines, where 2 is 
| length, d diameter of journal, L the distance between the journals in 
| inches, and m the revolations per minute. In the then state of dynamo 
| construction I thought it worth while to divide dynamos into two classes 
only—tist, those in which the armature was drum-shaped; 2d, those in 
which the armature was disk-shaped. For the first class I found that 
@ = 2, b = sxhy, and for the second class a = 0, d = , $65, gave rules 
which satisfied the dimensions of the twelve machines, 





for drum or cylinder armatures to be of large diameter 
the size and weight of the whole machine must be 
great, for certain magnetic reasons. 

It is not merely in designing the general shape of a 
dynamo, then, that the engineer requires a working 
knowledge of the laws of magnetism, but even in such 
details as the method of dividing the iron of his arma- 
ture so that no loss shall occur by the third canse given 
above—that is, by Foucault currents. He must have 
such an acquaintance with the subject that it is im. 
possible for him to make a mistake without experi- 
encing that instinctive repugnance for what he has 
done which a good draughtsman experiences in such 
matters as fillets in castings and bolts and nuts. 

It is difficult for us to understand why young Watt 
wondered at the possible pressure of steam on the lid 
of the mythical kettle. 

Yet there are many millwrights now existing who 
cannot comprehend the pressure of steam inside a ves- 
sel. It is in no respect more wonderful than the force 
which resists the motion of a wire through the mag- 
netic field of a dynamo. 

Here, for example, is the copper wire of the arma- 
ture ofa certain dynamo. When the armature is re- 
volving, and the proper current is flowing, there is a 
total force on this piece of wire, resisting its motion, 
of 8 lb., and the centrifugal force on it is 241b.* I re- 
member once taking a wire of this size (2 ft. long) and 
putting it on a piece of board shaped like the internal 
core part of the armature of a machine, fastening it 
round the edges of the wood as tightly as it is in the 
ordinary machine. It cannot be very tight, because 
we must not hurt the insulation. Then I applied a 
force, not of 8 lb., because that would be spread all 
over the whole straight piece of wire 2 ft. long, but a 
force of 4 lb. at the middle of the wire, pulling it side- 
ways, and then I applied another force of 12 lb. at the 
| middle to represent the centrifugal force by another 
|eord and weight and pulley, so that students might 
| get a real idea of the magnitude of the forces that we 
| have to deal with in these machines—forces trying to 
| displace the wires, to take them out of their present 
| position, and deform the armature. 

Really itis at first very difficult for the mechanical 
engineer to understand that these forces are due to 
something which he cannot see (this something which 
we call electricity) passing through the wire without 
altering its appearance in any way, and because that 
wire is moving through something which again he 
eannot see (a magnetic field). That force, due to in- 
visible things, you will have to get acquainted with if 
you are to understand about dynamos and how to con- 
struct them. These forces resist the motion of the 
wire in a dynamo, whereas in a motor they produce 
the motion. 

This resisting force is applied, then ceases, is applied, 
and again ceases ; that is, it is twice applied and twice 
destroyed in every revolution. The average resisting 
force on the above wire during a revolution is only 
about 3 lb. 

If you carefully study these figures, you will under- 
stand why it isthat the construction of an armature 
has become a part of mechanical engineering. Ten 
years ago dynamos were not very powerful, and the 
resisting or driving force on each piece of wire was not 
very great, so that the friction between insulated wire 
and the iron core on which it was coiled, and, again, 
the friction between this wound core and a wooden 
center which acted as a wedge in attaching the core to 
the spindle, could be relied upon with certainty. In 
modern machines, however, such methods of fastening 
would be childish to think of. But, difficult as it is at 
first to think of these resisting and driving forces on 
bits of wire moving through the atmosphere, the me- 
chanic has more difficulty in comprehending how great 
these forces may suddenly become in an accidentally 
short-circuited machine. All at once the wires have, 
perhaps, ten or twenty times their usual greatest cur- 
rents, and their motion is resisted by forees ten or 
twenty times as great as usual. They had been going 
through the atmosphere for days or weeks at a regular 
rate, their currents were just great enough to keep 
them safely warm, when suddenly ten to twenty times 
as much resistance to motion occurs, and heat is gen- 
| erated at 100 to 400 times as great a rate in them. Un- 
| fortunately, some dynamo makers will not believe in 
| figures like these, and when they are unable to make 
any other answer, they assert that their machines 
never are short-circuited. 

I assert, however, that this accident often happens, 
and that it isseldom that amachine has been in ex- 
istence for a long time without a short circuit taking 
place. Happily in direct-driven machines the engine 
is usually pulled up—that is, the dynamo brakes the 
engine—and in belt-driven machines the belts slip: 
but enormously increased stresses do occur for a short 
time, and the possibility of their occurrence must be 
taken into account. If this is important in dynamos, 
where excessive stresses occur only accidentally, think 
how important it must be in motors, where it may 
often happen that the full electric pressure is turned 
on even when the machine is at rest or moving slowly. 
I remewber that, when putting upa telpher line about 
four years ago, I became quite desperate on account of 
the failure of one kind of motor after another, until at 
| length I used the Immisch motor, which was designed 
| by a man who combined mechanical and electrical ex- 
| perience. 

These motors have worked for years now in the 
charge of Sussex laborers, more or less exposed to all 

kinds of weather, without renewal. 

Now, if you examine the armature of the Immisch 
| motor, you will see that the wires are bound down, al- 
| most covered, in fact, with many bands of pbhosphor- 
| bronze wire, and that they are wound among nuwer- 
| ous projections of iron to give the necessary strength. 
You ean observe how strong looking the projections are. 

In this armature of 3 in. diameter there are four iron 
driving disks, with altogether about forty-eight projec- 
tions, each being a cube of nearly 14 in. edge. I am 
told by the maker that on one occasion in early days, 
when cast iron was used, every one of those forty-eight 
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* If a wire bas 234 amperes passing through it and moves in the usual 
field of a dynamo (for those who may care to check my figures T may =«y 
that I take 3 = 7,500 C.-G.-S. units as the maximum field), we may take it 
that a force equal to the weight of 1 1b. acts upon it per inch 91 its length. 
The force is proportional to the current,and does not depend upon tle 
velocity, Observe that it is better to calculate in this way than from the 
horse power, because we want the greatest force—that is, when the wire 
is in the most intense field. 
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projections was suddenly stipped off in the natural 
working of a machine. Remember that the wires were 
bound down tightly almost the whole length of the 
motor with bands of fine phosphor-bronze wire, well 
soldered together here and there, so that the iron pro- 
jections were not alone relied upon. I know of noth- 
ing which has more impressed me than this with the 
fact that the electrical industries require the experi- 
ence of mechanical engineers. 

Now, every one of these numerous copper wires is 
subjected to such forces as I have described, and yet 
no one wire must touch another metallically ; they 
must be insulated from one another, and also from the 
jron core of the armature, and the whole armature 
must be strongly and rigidly attached to its spindle, 
and yet the fastenings must not take up much valu- 
able space. I have also said that the iron core must 
be of numerous thin plates, which do not touch each 
other or the fastenings to the spindle metallically. 
Again, the armature must allow air to pass through it 
fairly well to keep the wires cool, and we must allow 
for local expansions and contractions _ heat ; also the 
swaller the clearance between the revolving armature 
and the fixed magnet, the greater is the output of the 
machine. 

[The construction of the Crompton armature was 
described with the help of a diagram. ] 

I know of nothing which requires a more general ex- 
act knowledge of the mechanical, electrical, and other 
properties of materials, and the strength and stiffness 
of structures which may be subjected to local heating, 
than the design of the armature of a dynamo. Why, 
even the seventy-two fastenings of the wires to the 
seventy-two pieces of the commutator have been the 
source of much trouble, for these fastening pieces are 
themselves passing through some magnetic fields, and 
what with the magnetic resistance to their motion and 
their centrifugal force, and a constant vibration to 
which they are subjected, their arrangement presents 
not one but numerous new problems to the mechani- 
cal engineer, and these problems are not yet satisfac- 
torily solved. 

To deseribe the design of a dynamo more in detail 
would only weary you,so I will finish this part of my sub- 
ject by referring to the commutator. Here is a nearly 
cylindric body. Itis built up of seventy-two separate 
pieces, all separated from one another by thin pieces of 
insulating material. Notonly must there be no metallic 
contact between piece and piece, but between any piece 
and the spindle to which the commutator is strongly 
and rigidly fastened. Now, no insulating material is 
very strong—it is apt to warp with heat ; yet the whole 
structure must be strong and rigid. Asit is rubbed on 
the outside by two metallic brushes, it is important to 
reduce friction by havingit not toolarge. Some manu- 
facturers have actually made such a commutator as 
this bear up against the step of the bearing, so that it 
should take an end thrust, instead of putting a loose 
collar on the spindle. 

You must remember that these seventy-two pieces 
must all be rather deep, as they will be wearing away 
against their brushes for some years before they are 
to be renewed. Again, for the prevention of sparking 
the pieces ought to be of copper, but for wear, under 
the action of the rubbing brushes, the pieces ought to 
be of some material more approaching phosphor-bronze 
in character. 

I need hardly say that the man who designs a dynamo 
machine ought to know something of how his design | 
will be carried out in theshops. Again, his design will | 
not be quite the same if only one machine is to be 
made as it would be if hundreds or thousands were to 
be made and the principle of interchangeableness of 
parts were to be applicable. For in this case, to take 
one detail, instead of casting a commutator piece of 
cy pees or making experiments to find how 

ittle is the quantity of silver that one must add to cop- 
= so that a good casting of the piece may be possible, 

e would probably havea machine which would roll 
out the wedge-shaped commutator pieces in one long 
strip, and this would necessitate a change of design in 
the fastenings. His copper winding would be curiously 





flat in section. He would design the iron pieces of 
which his armature core is composed so that they | 
might be stamped out, and he would alter his design 
so that the manufacturer could make large use of 
stamping and forging and willing machines, and in| 
many other ways he would use his mechanical en- 
gineering knowledge for the purpose of facilitating 
manufacture. 

You may, perhaps, think that I have dwelt too long 
upon ny statement that an electrician must be a good 
mechanical engineer, or that applied electricity is 
merely a branch of mechanical engineering. Before 
Watt's time there were mechanical engineers, and 
when the new branch was annexed it was not called 
heat engineering, although all mechanical engineers 
Were, after that period, expected to know with-such 
exactness as was then possible the laws of heat. 

Gentlemen, we are all specialists now ; we devote 
ourselves to particular branches of our profession, 
but all the time, each of us has a general knowledge of 
other branches of the profession. Each of you has 
Some special knowledge, either of hydraulic machinery 
or stationary engines, or locomotive engines, or gas 
engines, or marine engines, or boiler making, or cranes 
and hoists, or machine tools, or some other branch of 
the profession. But if a man called himself a mechani- 
cal engineer who had not some general knowledge of 





all these branches, would you not look upon him with 
& certain amount of contempt? And you would be} 
right, for the scientific principles of all the branches, | 
and their application, and the special contrivances of | 
all, enter often in most unexpected ways into one’s own | 
Special work. | 

The gist of this address is that the electrician has | 
ecoine a member of your profession. My own belief | 
is that ten years hence he will be of as much import- | 
anee in the profession as the steam engine engineer, | 
and that no man having a right to call himself an} 
engineer will be without a good working knowledge | 


of electricity ; for this knowledge will give him a new | 


neon, which he can wield with unexampled cer- | 
they? and which, in my opinion, will develop into 
. most powerful weapon at his command. I could 
already give you many examples of the way in which 
4 knowledge of electricity will enable you to develop 
Retr, ae = “means. such as that of 
* welding and the electric i 
Sha many othmen, tempering of steel, 








But I will end this address by asking you to put 
some faith in the following statement: You know 
that the best steam engineers never expect to obtain 
more than one-tenth of the total energy of coal as 
actually given out by a steam engine, and that in 
some small engines only one one-hundredth is given 
out. 

The idea that we are wasting at an enormous rate 
the energy stored up for us in coal by nature during 
millions of years is one that sometimes becomes op- 
pressively horrible. Now, I pointed out in 1881 that 
if coal or gas were burnt in a voltaic cell as zine is 
burnt, and an electro-motor were used, we could 
utilize as mechanical energy not merely one-tenth, 
but nearly nine-tenths of the energy of coal. I pointed 
out then that coal gas could be burnt in this way, but 
there were two difficulties—ist, the apparatus required 
was too large per horse power a ; 2d, the ap- 
paratus required was tooexpensive. The first of these 
difficulties has already been got over by a correspond- 
ent, whois in some sense my partner. We see our way 
to developing one useful horse power per cubic foot 
of volume of apparatus. Unfortunately, the difficulty 
of expense still remains. ButI am firmly convinced, 
and I have good reason for my belief, that all the 
difficulties will be got rid of, and that coal will act- 
ually be burnt inthisway. Even to those of you who 
may not be troubled about the general question of 
economy, the mere possibility of an armorclad being 
able to carry enough coal for a voyage at full speed 
round the world must appear to be an important re- 
sult. With the ideas of steamships carrying very 
much greater cargoes and going at greater speeds, 
aud other ideas which must strike you all asthe re- 
sult of the above economy, I will leave you, but I 
must confess that the general question of economy 
and its influence on the progress of the race appeals 
to me with infinitely greater force. 





IRON MORDANTS FOR TONING AND DYEING 
PAPER PULP. 

IRON is very widely distributed throughout the vari- 
ous materials used in the manufacture of paper, and it 
is one of those impurities which paper makers, as a 
general rule, endeavor to guard against in carrying out 
their various manufacturing operations. It is so wide- 
ly distributed, and with such a deleterious influence in 
the final color of a sheet of paper, especially high class 
writings and printings, that the majority of paper 
makers justly consider its presence in undue quantity 
in any of the materials they use with greater aversion 
than any other impurity of which they are cognizant. 
Notwithstanding this, the element itself in the fori of 
the peroxide, or a salt of the peroxide, is a valuable 
material asa mordant and asa coloring agent. It is 
extensively used in the form of ocher, a naturally oc- 
curring mineral found in large deposits in Ireland and 
elsewhere, for the preparation of brown and such like 
papers, and in the form of a salt, usually sold as an 
aqueous solution for the production of chamois color- 
ed or toned papers. Peroxide of iron has very consid- 
erable coloring power, and when used in certain forms, 
such as the sulphate of the peroxide, has a great affin- 
ity for cotton and other fibers. Sogreat indeed is this 
the case that paper pulp originally free from this ele- 
ment absorbs it freely when brought into intimate 
contact with it, particularly as persulphate of iron 
and the iron cannot be separated from the fiber again 
excepting by chemical means. It is not surprising, 
then, that paper makers in their endeavor to manufac- 
ture high class papers—those that must maintain their 
color for an indefinite length of time—should dread 
the presence of iron in deleterious quantity in either 
the water they use or in the material of which the sheet 
of paper is partly composed. It is substantially 
their endeavor to avoid contamination of the materi- 
als with iron in every possible way. 

The use of salts of iron as mordants and as coloring 
agents is very extensive throughout the trade. In 
fact, what we have said with respect to alumina as 
producing certain colors with certain dyes is also 
true of iron. For example, logwood extract produces 
a blue violet color with alumina, while with iron it 
yields the well known logwood black. So also with 
tannin substances, such as those contained in catechu, 
sumac, ete., iron forms black colored compounds. The 
black cakes thus formed yield of themselves unsatis- 
factory shades, and they are seldom used excepting in 
combination with other colors for dyeing paper pulp 
black. Moreover the iron contained in either the pulp 
or sizing materials, when brought into contact with 
tannin substances, which frequently exist in the ex- 
tracts of dyewoods, often vitiates the true color char- 
acteristic of the dyewood and mordant which is used. 
An example of this we have previously quoted in our 
— on dyeing paper pulp yellow with quercitron 

ark. 

The most commonly occurring iron mordants are : 
proto-sulphate of iron or green vitriol, acetate of iron 
and tron liquor. We shall treat of these in the order 
here given. 


PROTO-SULPHATE OF IRON OR GREEN VITRIOL. 


This compound is extensively produced in almost 
every manufacturing county in this country, mainly 
as a by-product in the manufacture of other articles of 
commerce, and is the cheapest known source of solu- 
ble iron. It is formed by dissolving serap iron in sul- 
phurie acid until nearly all the chemical action which 
takes place between the iron and the acid has ceased, 
or until the sulphuric acid has has been practically all 
converted into sulphate of iron. The green crystals 
formed by allowing this solution to crystallize have 
the chemical formula FeSO,+7H,O, and possess the 
following percentage composition : 





Per cent, 
Protoxide. of irom. .......ccccscoccece eos = 25°00 
Sulphuric acid (SOs).......... ........ = 26°77 
Wicks wonnewdieme dat ian dade’ cone = BS 
10000 


100 parts by weight of the crystals will yield by oxi- 
dation 28°77 parts of peroxide of iron. Green vitriol 
or copperas is very extensively employed as a mordant, 
chiefly in conjunction with other salts, such as bichro- 
mate of potash, in the preparation of yand black 
colors, and it may also be used by itself for the prepa- 
ration of chamois colored papers. For the latter pur- 





pose the crystals are dissolved in water, the liquor fil- 
tered through a flannel bag, and the clear liquor added 
to the pulp in the beater engine. The protoxide of 
iron has of itself little coloring power, and what it 
does ' is of a light green color. This is not, 
however, the oxide which produces the characteristic 
chamois color due to iron salts, but a higher oxide 
known as peroxide of iron, and this peroxide is formed 
by oxidation, while the proto-sulphate of iron is cireu- 
lating with the pulp. In order to hasten this change 
(oxidation) a small quantity of soda crystals, dissolved 
in water, is usually added, which decomposes the sul- 
phate of iron in such a way that soda combines with 
the sulphuric acid of the iron salt, forming sulphate of 
soda, while the peroxide of iron is liberated and pre- 
cipitated within or on the fiber. The oxidation, as we 
have stated ina previous article, then goes on more 
rapidly, and more perfectly. Milk of lime may be sub- 
stituted for soda crystals, with equally good results. 
In the latter case it is better to color the pulp before 
sizing, and when a reddish yellow tone is required, 
ee quantity of bleaching powder liquor way be 
added. 

The following quantities, given on 100 lb. of pulp, 
are examples of the use of this salt for the production 
of chamois colored papers. 


LIGHT CHAMOIS, 


From 8 to 6 ounces of proto-sulphate of iron, and 
8to6 ‘** of sodacrystals. 


REDDISH YELLOW. 


6 lb. of proto-sulphate of iron, and 
6 lb. of soda crystals. 


In the first of these examples the amount of iron salt 
added to 1001b. of the pulp is equal to from 0°8613 to 
1°7262 ounces of peroxide of iron, amounts which clear- 
ly indicate the influence which small quantities of iron 
salts possess in coloring paper pulp. 


IRON LIQUOR OR ‘‘ NITRATE” OF IRON. 


This is a valuable and very efficient coloring liquor, 
and is extensively applied in the preparation of toned 
papers. It consists essentially of a strong aqueous 
solution of persulphate of iron with asmali quantity of 
copperas and seldom ore nitric acid, so that it is 
in no sense a “‘ nitrate” of iron. This, therefore, is a mis- 
nomer. It is prepared in the following way: Sixty gal- 
lons of water are placed in a large earthenware vessel, 
which can be heated in any convenient way with 
steam, and there are added to this 20 lb. strong oil of 
vitriol and 30 lb. of nitric acid of 68° Twaddell. When 
these are mixed together and gently heated, 150 Ib. of 
green vitriol or copperas are gradually added, in small 
quantities ata time. After each addition of the cop- 
peras a vigorous chemical action takes place in which 
red fumes from the nitric acid are copiously evolved. 
Theseare poisonous, and are conveniently carried away 
through a hood or draught pipe into a chimney, so that 
they may not cause annoyance to the workmen in 
charge of the operation. hen the whole of the cop- 
wes has been added to the acid, the mixture is then 

oiled with steam for a few hours to complete the oxi- 
dation of the proto-sulphate into the persulphate of 
iron and to remove the excess of nitric acid employed 
for this purpose. Whenever this has been done, a few 
yieces of wrought iron plates are stirred in the liquid, 
in order to reduce a portion of the persulphate into 
the proto-sulphate again and to remove the excess of 
sulphuric acid used. The dark brown liquor thus ob- 
tained is reduced with water, when cold, to a known 
strength in degrees of Twaddell’s hydrometer, after 
which it may be used without further treatment in 
the usual way for toning the pulp. 

‘* Nitrate” of iron oceursin the market as a strong 
liquor having a specific gravity of from 1 30 to 1°40 or 
from 60° to 80° Twaddell. It is usually of fairly con- 
stant composition, that is to say, it contains a practi- 
cally constant quantity of peroxide of iron at con- 
stant strength in degrees Twaddell. Thus at 60° 
Twaddell the amount of iron as peroxide and protoxide 
(for the best varieties almost invariably contain the lat- 
ter) is shown by the following analysis : 


Lb. per 100 gallons, 


Peroxide of iron........ = 128 
Protoxide of iron....... = 9; ee pores 
Sulphuric acid (SO;) in } 
combination with} = 1944 
the oxides of iron, \ 
WOON S as octoe se. cnsece = 9731 


1,300 
Sp. gr. 1°30 = 60° Twaddell. 


When, therefore, any ‘‘iron liquor” is reduced to this 
strength, the above analysis may be used for calculat- 
ing the amount of peroxide of iron added to every 100 
parts of pulp for the purpose of toning papers. Ni- 
trate of iron does not admit of extensive adulteration, 
because its commercial strength is so high that few, if 
any, salts suitable for this purpose are capable of being 
dissolved by it. 

The composition of sulphate of peroxide of iron is 
analogous to sulphate of alumina, and its mode of ac- 
tion in the beater engine is likewise similar to the alu- 
minous salt. When it is added to the’pulp, an insola- 
ble basic sulphate of iron is formed which fastens itself 
within or on the fiberand yields the yellow color. It is 
difficult to remove this basic salt again from the fiber. 
The color it produces is not greater tban what equiva- 
lent quantities of copperas would yield if properly — 
plied, but it is much quicker and more easy of appli- 
cation, requiring simply its addition to the pulp with- 
out the aid of any other ingredient. Although it is 
somewhat more expensive than copperas, it is preferred 
op this account. 

Of these three iron salts, copperas, or n vitriol, 
is wost frequently used as a mordant when coloring, 
orrather weshould say dyeing, paper pulp; thus, in 
combination with logw extract and bichromate of 
potash ordinary gray colored pulp is prepared, while 
a more lasting shade of gray is produced with catechu 
(a substance containing much tannin) and copperas 
alone. The combined use of these various materials, 
with others of a like nature, produce all manner of 
shades of fray, and black papers, the variation in 
which is almost without limit, and the successful ap- 








plication of the iron mordants will much depend upon 
the knowledge and experience which the practical pa- 
per maker possesses of the art of dyeing pulp with 
these and other dyestuffs.—Chem. Trade Jour. 


THE LUMINOUS FOUNTAINS AT THE PARIS 
EXPOSITION 


BEFORE trying to give an idea of the luminous foun- 
tains of the exposition, it seems to us of interest to go 
back for a moment to the very source of the invention 
of these curious installations. 
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SECTION 


In 1854, Mr 
a dark room a vessel provided with a cock and a pro- 
perly arranged converging lens, it would be possible 
to direct luminous rays into a jet, and that these, 
upon once entering the latter, would not again make 
their exit from it, and that, moreover, the jet would 
be so much the more luminous in proportion as the 
liquid employed was more limpid 

“his discovery at once found an application in the 
theater for the illumination of watercourses, torrents, 
ete. 

Along about 1860 an experiment with a luminous 
fountain was made by establishing a chamber, glazed 
at the top, under the central jet of the Tuileries basin. 


With an electric lamp and the superposition of colored | 








SUPERINTENDENT. 


Colladon, in a note addressed to the|{the English the principle and the arrangement of the 
Paris Academy of Sciences, showed that by placing in | lighting of vertical jets ; but, being desirous of obtain- 
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glasses, it was found possible to illuminate the jet suc- 
cessively with the colors of the French flag. 

Finally. in 1864, an experiment in lighting jets of 
water was made under the presidency of General 
Morin at the Conservatory of Arts and Trades. 

It will be seen from this rapid glance for how long 
past a date this invention has belonged to us; but, 
either from an imperfection of the apparatus or for 
the want of a powerful luminous source, these experi- 
ments were abandoned and forgotten, to be taken up 
jagain in 1884 by an English house. On their return 
|from a trip to Glasgow, Messrs. Bechmann & Formige 
‘began a study of luminous fountains, borrowing from 





center of the funnel and are reflected by the shower of 
water up to its last drops. The jet is consequently 
illuminated throughout its whole extent, although the 
light is not so weil distributed and utilized as in the 
vertical points illuminated from beneath. 

The first project for decorating the central park call- 
ed for three distinct pieces of water, the principal one 
of which was to contain Mr. Coutan’s vessel of the City 
of Paris. But, after the study of luminous fountains, 


it became necessary to abandon this idea in order to 
obtain, by uniting the other basins, a volume of water, 








REGULATION OF A GALLOWAY 


in a single piece, proportioned to the grand effect that 
was pro 





LAMP. 








OF COMPARTMENT 


ing luminous horizontal jets, Mr. Bechwann was 
obliged to recognize the fact that so long as he confin- 
ed himself to the limits of a laboratory experiment, it 
was possible to illuminate horizontal jets of small dia- 
meter, yet that with the dimensions required for the | 
fountain the phenomenon was produced but imperfect- 
ly, without giving any result. 

It was not till after long researches that the problem 
was solved through the conversion of the solid jet into 
a circular are by means of an ajutage formed of two 
funnels of elliptical section set one into the other, with 
an annular space of ,'y inch between the two, through 
which the water flows and forms a hollow jet. 

The convergent luminous rays enter h the 





UNDER THE FOUNTAINS. 


This single piece of water is divided into three parts. 
The upper part forms a large basin which contains the 
vessel of the City of Paris, ornamented with four horns 
of plenty, and with six urns and four dolphins, from 
which eseape horizontal jets of water that, with two 
vertical jets on each side of the ship, form a sheet of 
water that flows in a cascade into the second basin, 
and then iuto the 130 foot river, and finally into the 
octagonal basin situated not far from the Eiffel tower. 
Upon the sides of the lower basin and of the canal 
there are sixteen vertical wheat sheaf jets, two of which 
are in the basin. Each jet is formed of seventeen jets 
of small size, so arranged as to cause the water to f 
back in drops around the central jet. : : 

The octagonal basin contains the large luminous jet 
of variable effect, constructed after the model of that 
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Sons. 


of Glasgow, and by the English house of Galloway & ing lighting by reflection. The lamps of the Galloway 


It consists of an immense central wheat sheaf | 


system send forth converging vertical rays, which a 


jet of double effect, surrounded by two rows of verti-| plane mirror placed at an angle of 45° renders horizen- 


cal jets, the first of six jets and the second of ten. 
Upon the whole, there are fourteen horizontal and 
thirty-three vertical jets, comprising nearly three hun- 
dred nozzles, that discharge 90 gallons per second. The 
water that supplies them comes from the Villeneuve 
reservoir, situated at an altitude of 295 feet. 

As for the illumination, that is farnished by seven- 
teen are lamps of a power equal to a thousand carcels 
for the English part and of thirty regulators of six 


hundred carcels for the remainder of the fountain, | 


that is to say, the French part. The entire output of 
light is thirty-five thousand carcels, requiring a mo- 
tive power of more than two hundred and fifty horses. 
The arrangements are shown in Fig. 3. 

The means employed for illuminating the vertical jets 
are very simple, but the same is not the case with the 
horizontal ones. 

The arrangement of the first consists red trewearsd the 
nozzles over a horizontal glass plate situated above the 
normal level of the water of the basin. 

This plate closes an aperture twenty-four inches 
square formed in ceiling of the subterranean gallery, 
in which is placed the lamp and powerful reflector 
which sends up vertically a fascicle of light formed of 
sensibly divergent rays, so as to envelop the entire 
liquid mass of the jet, as well as the drops that fall 
back, 

In the great Galloway jet the light is furnished by 
an are lamp whose carbons are maneuvered by hand. 
The tin reflector is provided with an aperture for the pas- 
sage of the ashes, which, on accumulating at the bot- 
tom, would absorb more light than is lost by the aper- 
ture. Fig. lshows the arrangement. The ceiling of the 
subterranean chamber is in this case formed of a wood- 
ed frame, the apertures by iron cylinders, and the 
whole is covered with sheet lead, which renders the 
system impermeable. The distance between the lamp 
and ceiling is small, but sufficient to permit of placing 
the frame of colored glasses therein. 

The illumination of the jets of the canal and of the 
basin of theeFrench part is effected by means of 
Sautter, Lemonnier & Co. lamps, with automatic regu- 
lator. In these lamps, the carbons are vertical. 


which furnishes a horizontal fascicle of light that is 
reflected vertically by a plane mirror inclined at an 
angle of 45°. The frame of this apparatus, which is 
provided with a leveling screw, permits of a perfect 
regulation (Fig. 2). 

This arrangement renders the surveillance easier, 
but it is accompanied with a loss of light due to the 
reflection from the plane mirror, and which is certain- 
ly not greater than in the Galloway lamps. The rest 
of the arrangement is similar to the preceding. 

We have already seen that in order to light a hori- 
zontal jet it is necessary to render.it annular. Under 
such circumstances, it is possible to illuminate a jet of 
water 9 inches in diameter and of 15 feet fall. 

As in the interior of the decorative designs of the 
fountain the necessary space is wanting in which to 
install the lamps, with their reflectors and accessories, 
this inconvenience was obviated by giving up the idea 
of the direct light of the horizental jets and substitut- 


The| 
vertical reflector is a spberical mirror of silvered glass, | 








tal, and the frames of colored glasses are in the path of 
the vertical rays. The second engraving shows the 
arrangement for the horizontal jet issuing from the 
mouth of a dolphin. An operator with his black 
glass is here seen examining the distance of the car- 
bons, which are regulated by hand. 

Care has been taken to surround the jets with cast 
iron reeds forming a screen, so as to hide the luminous 


are maneuvered simultaneously, and to this effect are 
assembled by means of a rod connected with their han- 
dles on the same horizontal line, and which gives a to 
and fro motion of an amplitude of 24 inches, corre- 
sponding to the width of the aperture. 

At the order of their chief, the men who do the 
maneuvering work the levers according to the indica- 
tion of a tablet in front of them, and upon which is 
electrically inscribed the order of the operator, who 
gives his directions from a kiosk placed at a distance. 





For the Galloway part, the levers for maneuvering 


glass plates and the nozzles from the spectator’s eye, | the glasses are placed beneath the octagonal basin. 





Fia. 


1. Maneuvering kiosk. 2. High pressure. 
able pressure. 6. Valve. 7. Drain. 
basin. 11. Stairway. 12. Maneuvering cock. 


and to make the illusion as complete as possible. The 
horizontal nozzles are by their very construction hidden 
in the interior of the decorative motifs, so nothing is 
seen but the jets of fire that issue from every part of 
the fountain. 

The various colored tints given to the jets are ob- 
tained by interposing colored glasses between the 
luminous source and the jet of water. 

Five different colors have been adopted (green, blue, 
yellow, red, and Violet), which may be changed at will. 
The colored gidsses are inclosed in frames that roll 
upon bronze casters, and are maneuvered at a distance 
by means of rods that end at levers that are all con- 
nected at one point under the octagonal basin, for the 
large jet, and under the ship of Paris for the other jets. 

All the glasses of the same color are connected with 
each other in series of five by means of the same cable. 
Since there are thirty lawpsin the French part, there 


are but six cables foreach color, say six levers to be| 


maneuvered to obtain the same coloration every where. 
These six levers, which are united at the same place, 


3.—GENERAL PLAN OF THE FOUNTAINS. 
3. Conduit for water under low pressure. 4. Low pressure. 5. Vari- 
8 Conduit for water under high pressure. 9. Lower basin. 10. Upper 


Those that operate the water cocks are placed in the 
kiosk within reach of the operator, who has these 
levers before him, as well as a row of electric buttons 
by means of which he transmits his orders simulta- 
neously to the twogroups of levers for maneuvering the 
glasses. In this way is obtained a perfect harmony in 
the plays of light, despite the complete separation of 
the two parts of the fountain. 

A safety valve placed upon the water main prevents 
any ram strokes capable of causing breakages or other 
accidents that might interfere with the display. 

The third engraving gives a longitudinal section 
under the vessel of the City of Paris, where are placed 
| the maneuvering levers, the electric measuring appara- 

tus, and the lamps for lighting the horns of plenty. 
| To the left is seen a section of the stairway and to the 
|right the entrance of the stairways that lead to the 
| galleries of the canal. 

The first engraving represents the operator in his 
| kiosk ordering and superintending the maneuvers.— 
' Le Monde IJliustre. 
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THE LUMINOUS FOUNTAINS AT THE PARIS 
EXPOSITION. 
THE luminous fountains consist of three entirely dis- 


tinct parts. First, the decorative group, with its naiads, 
dolphins, urns, and cornucopias, and in the center the 


allegorical Vessel of Progress; second, a central river | 


bordered upon its two banks by bunches of reeds for 


the escape of the water; third, an octagonal reservoir | 


eee at the crossing of the longitudinal axis of the 
Jhamp de Mars and at that of the dome of the Palais 
des Arts. 
reservoir. 


The principal spout is in the center of this 


From the mouths of the dolphins, from the cornuco- | 


pias, and from the interior of the urns of the fountain 
issue parabolic jets feeding a body of water, 
breaking its surface into miniature waves, upon which 
the Vessel of Progress tosses. This sheet of water falls 
in a cascade forty meters broad (131'4 ft.) into a lower 
basin, in communication with the river, where four 
teen spouts of various forms throw jets in rings. 
Finally, in the center of the octagonal reservoir, the 
water shoots upward from bunches of reeds, from 
among which issues the large spout, composed of a 
double central jet and two concentric crowns made up 
of groups of six jets 
effects, comprising about three hundred 
throwing about 350 liters of water per 
reservoir of Villejuif, at an altitude of 
ters (98'¢ yards), feeds this great display. 

How are the vertical sheaves and the parabolic jets 
lighted, and in what manner is produced the marvel- 
ous coloring of the water, the jets of which assume the 
most fantastic colors—now like a rain of diamonds, 
then like one of gold or one of emeralds, rubies, or 
topazes; at another time appearing like a glittering 
jewel box, and again showing all the varied colors and 
forms of the kaleidoscope ? 

In order to solve the question, let us visit the under- 
ground chamber of the fountain. Under each repre- 


contrivances, 
second, The 
about 


sentation—dolphin, urn, sheaf, ete.—the bottom of the | 


reservoir is formed of glass plates, beneath which is 
placed a luminous electrical foyer. Do we desire to 
know how a vertical sheaf is lighted ? 

It is readily understood that it is very easy, witha 
system of combined glasses, to throw all the luminous 
rays of the electrical foyer upon the sheaf placed 
directly above, but the matter is a little more compli- 
eated with the parabolic jets. The luminous ray 
which issues from the underground chamber escapes no 
longer in the direction of the jet of water, but forms 
an arc from the mouth of the dolphins, from the 
cornucopias and urns, It was necessary, therefore, to 
place a second glass behind the orifice from which the 
jet escapes, in order to converge upon it the luminous 
electrical rays. 

The following, then, is the manner in which are ob- 
tained the different colors producing those bewitching 
effects so much admired by the public nightly: Under 
every jetin the space comprised between the luminous 
Soyer and the glass plates which separate the waters 
of the underground chamber are disposed four domes, 
each with five rows of grooves into which slide plates of 
glass of different colors, which may at pleasure be in- 
terposed between the light and the water jet. 
is desired, colored plates, red or yellow, are slid in and 
tinge the sheaf of water with orange, yellow, or gold. 

If it is desired to obtain a uniform light upon the 
piece of water and the monumental group arising from 
it, it suffices to interpose glass plates of the same color. 
If, on the other hand, you desire to produce different 
colors, it is simply necessary to vary the plates at pleas- 
ure, an entire series of these being furnished with each 


apparatus, red, blue, gold, green, or simply white; | 


these are the five colors used in the illumination of the 
fountain en the Champ de Mars. They may, however, 
be varied infinitely. 

The colored glasses are manipulated by hand. The 
- ends of five threads are fastened to the colored glasses 
placed above the luminous focus, while the other ends 
are fastened to a system of levers similar to those used 
for moving the switches on railroads. 

The large piece of water in the Champ de Mars is 
controlled by two series of levers; the one is placed in 
a circular chamber under the largest jet, the other in a 
echaiuber underneath the vessel representing Progress. 
Each series comprises twenty-five levers, the manipula- 
tion of which is effected by one person to each of the 
two series, 

Each of them has before him a slate upon which are 
written, by electricity, the orders transmitted by the 
chief of equipment. The latter is stationed in a kiosk 
at a distance communicating by a subterranean gallery 
with the circular chamber underneath the large collee- 
tion of jets. Placed about three and a half meters 
above the ground in a glass chamber, from which he 
can control the whole water scenery without being 
seen by the public, the chief of equipment has before 
him: (1) A series of levers, and (2) a row of electrical 
buttons. By means of the levers and rods which they 
command, he actuates the water taps to produce differ- 
ent effects, and varies them infinitely, and by means of 
the buttons he transmits his orders electrically to the 
two assistants placed at the levers. At the receipt of 
these signals they manipulate the levers accordingly. 

The change of colors are thus produced simultane- 
ously throughout the whole of the luminous fountains, 
in obedience to one directing will. 

Above are the details of the mechanism of this be- 
witching decoration, which public sentiment has de- 
clared to be one of the grandest successes 
Universal Exposition of 1889. The honor of this inter- 
esting conception is due to Bechmann & Richard for 
the hydraulic dispositions, and to Formige & Coutan 
for the decoration.—Fire and Water. 

[Continued from SurrLement, No. 726, page 11604.) 
INSTRUMENTS FOR MEASURING 
HEAT.* 


By ©. V. Boys, A.R.S.M., F.R.S. 
LECTURE III. 


Or the instruments for detecting feeble effects of 
temperature, the best known are those depending on 
the electromotive force set up in a metallic circuit 
composed of different metals when there is a difference 


“* Lectures delivered before the Society of Arta, London, 1889, From 
the Journaé of the Society, 





and | 


To sum up, there are 48 water | 


90 me- | 


of temperature between the junctions of the metals. 
The elementary metals may be arranged in a series, 
with bismuth at the beginningand antimony at the 
lend, so that if a circuit is made of any two, an effective 
lelectromotive force will be found tending to send a 
current across the warmer junction from the lower to 
the higher metal in the series. The greater the differ- 
lence of temperature, and the further the metals are 
apart in the series, the greater, in general, will be the 
effective electromotive force. When the temperature 
differences becomes large, it is found that the electro- 
motive force is not exactly proportional to the differ- 
j}ence, and in some cases not at all proportional, so 
much so that, if the hot junction is heated or the 
cool junction is cooled beyond a certain point, in- 
stead of an increase, there is actually found a de- 
|erease of electromotive force. Though these de 
partures from proportionality can be completely re- 
yresented by the thermo-electric diagram of Prof. 
| Tait, there is no occasion to consider this at the pre- 
sent time, for with such very small differences of tem- 
perature as we have to deal with in thermopiles and 
similar apparatus, the electromotive force is, as fas as 
experiment can show, exactly proportional to the 
temperature differences for any mean temperature, 
and the effect of such small changes of temperature 
as are met 
while very small, can, if necessary, be exactly allowed 
for. We may, therefore, with propriety use the old- 


with in a laboratory from day to day, | 


hundred. If now the two ends of the pair are united, 
and not connected to a galvanometer at all, the cur- 
9 


rents in the two cases should be, by Ohm’s law, cen 
800 


1 
= in the case of the pile and galvanometer, and 
4 


= 1 in the case of the pair; so that with a simple 


pair the current should be forty times as strongas with 
|a pile of twenty pairs and a galvanometer. On the 
| other hand, since there are many turns of wire in the 
| galvanometer, the current may go round the needle so 
|Inany times as to more than compensate for its feeble- 
ness; and though the simple pair so formed as to in- 
close a needle may not be more sensitive than the 
usual pile and galvanometer, yet, on account of its 
'great simplicity and cheapness, it may be of value in 
|} some cases. 

The form which Professor Forbes gave to his pair is 
shown in Fig. 9, from which it will be seen that the 
| 


Fic. 9. 


| 
}1 


| fashioned expression, and say that the ** thermo-electric | 
power” of any pair of metals is so much, and that the} 
further the metals are apart in the series, the greater is | 


their thermo-electric power. Turning, then, 


being at the two ends have a greater thermo-electric 
power than any other pair of simple wetals. lron and 
copper, which are intermediate metals, form, at ordi- 
nary temperatures, a combination of which the thermo- 
electric power is about one-seventh of that of bismuth 
j}and antimony. 

It is impossible at present to given any reason why 
the several metals should have the thermo-electrie pro- 
perties that they are found to possess. In the case of 
some of the alloys, the properties are the reverse of 
what might be expected. Thus, though bismuth is 
the most positive, and antimony the most negative of 
the metals, an alloy composed of thirty-two parts bis- 
muth and one part antimony is more positive than 
bismuth itself ; though antimony is the most negative 
of the metals, and bismuth the most positive, and tin 
is nearly neutral, an alloy of twelve parts bismuth and 
one of tin is more negative than antimony. The first 
of these alloys, and one almost the same as the second, 
are stated by Lord Rosse* to be the alloys which, at 

|that time, Messrs. Elliot Bros. used in their thermo- 
| piles, 


| I have, with the help of Mr. Burbidge, examined 
these two alloys, and find that at ordinary tempera- 
tures they have a thermo-electric power one-third 
|greater than that given by bismuth and antimony. 
They have this further advantage, especially over anti- 
mony, that they are both easily fusible, and can be 
cast in thin leaves between smoked glass plates. 

The electromotive force acting in a cireuit composed 


to the} 
tables given in the text books, bismuth and antimony | 





| sectional area of the metal is very great in all parts ex- 
cept at the face which is .to be exposed to radiation. 
This face is filed away until the linear junction so 
formed is so thin that with further fffing there would 
be risk of destruction. The face is then blackened so 
|asto makeit absorb heatfreely. A hole drilled through 
| the upper block allows the needle and mirror, which 
hang within the cylindrical hole in the block, to be 
supported by a thread from above. 

Messrs. Nalder Bros. have kindly lent me one of 
these instruments of their make, which Mr. Burbidge 
j}and I have examined. Whether this is a good sample 
}of the instrument I do not know, but in sensibility the 

instrument is far behind the thermopile and galvano- 
meter. That it does not come up in sensibility to the 
value that the consideration of Ohm’s law alone would 
| lead one to suppose is due to the following causes. In 
the first place, whatever is done to reduce the electrical 
resistance of the bars applies also to their thermal resist- 
| ance, and so, since this is also reduced to the greatest 
j extent possible, the heat which falls on the hot junction 
can escape freely, and so the hot junction is not made 
|so hot by the absorption of heat at a given rate as it 


When it | 


of the! 


RADIANT | 


of these alloys, when the temperature differences be-| would be if the thermal resistance were greater. 
tween the junctions is one degree Centigrade, is about | Again, when an electrical current passes in a thermo- 
one sixty-thousandth of a volt. As this is an enor-| electric cirenit, heat is carried from one junction to the 
mous electromotive force for a delicate galvanometer, | Other by the current, and the quantity of heat which 
an exceedingly small temperature difference can be/|is so carried is proportional to the current strength. 
detected. Since the current density in Professor Forbes’ instru- 
| To still further increase the electromotive force it is} ment is at least twice as great as inthe usual arrange- 
|usual to make thermopiles witha very large number | ment, heat is electrically carried from the hot to the 
of pairs of bars having their alternate junctions near} cold junction at at least twice the rate for a given 
together. Heat thus falling upon ore side of the pile| temperature difference; and so, if this were the only 
| will warm the alternate junctions, so that the electro-| cause of equalization of temperature, the hot junction 
motive force due to all the pairs will be added together. | would be heated to less than half the extent above the 
In the pile now on the table, made by Elliot, there | cold that it would beif the current density were at 
lene eighty pairs of bars, and these are packed into a| the usual rate. However, I do not think this electrical 
Each bar has a/| transfer of heat is important in comparison with that 
section of about 2 x | millimeter. | due to ordinary thermal conductivity. 

As an example of the sensibility of the thermopile, I} | The only point in which my experience does not con- 
may give the following results obtained with the ordi-| firm that of Prof. Forbes is in the dead-beat character 
nary standard apparatus, namely, the thermopile re-| of the instrument. He states that on account of the 
| ferred to above and an Elliot reflecting galvanometer | Small resistance of the block of metal in which the 
| of low resistance made to be used with the pile. When | needle is suspended, the electrical currents induced by 
|the magnet was so adjusted that the needle had a| its motion are sufficient to make it dead-beat. The in- 
| period of oscillation of six seconds, the heat from a|strument that we examined showed by no means a 
jeandle flame at a distance of five feet produced a de-| large decrement ; in fact, the great number of oscilla- 
| flection of 110 millimeters of the spot of light, on a| tions of the needle were aserious inconvenience. __ 

scale one meter from the mirror, that is with the reflect-{ Now returning to the ordinary pattern of thermopile 
|ing cone in position. Without the cone the deflection | and galvanometer, the question is worth asking whe- 
| was 31 millimeters. The candle flame is perhaps not a| ther it is capable of improvement. Are the number of 
| very scientific or exact source of radiant heat, but it is| bars that the instrument maker happens to have em- 
| very convenient, and serves well when the object is to| ployed the best number? Are the number of wind- 
| compare one instrument with another. If an improve-| ings and the thickness of the wire in the galvanome- 
|ment in an instrument is of so slight a character that | ter the best for the purpose? At first let the space 
| the small variations of heat radiated from the flame of | filled with the thermo-electric metal in the pile, and the 
|acandle of any definite make are liable to mask its| Space round the needles in the galvanometer filled with 
|effect, then the improvement cannot be of much con-| Wite, be supposed to be constant, then there are two 
| sequence to anybody; but if by any means an instru-| problems, each of which has the same answer. They 
| ment can be made ten ora hundred times more delicate, | are, given a thermopile, find the best galvanometer, 
| then the greatest variations in the candle flame will | and given the galvanometer, find the best thermopile. 
| be insufficient to materially affect this proportion, and | Let nothing be altered except the number of pairs in 
| so, for practically testing the value of an instrument, | the pile, or of turns in the galvanometer, then all other 
| there is no occasion to set up a more constant source of | kinds of variation due to conduction of heat, radiation, 
radiation. ete., or to the magnetism or moments of the needle for 

I have given the results obtained with the standard | the time do not exist. : 

apparatus so as the more readily to trace the value of! If the pile is made with twice as many bars, its elec- 
more modern development. The resistance of all the | tromotive force will be doubled, but its resistance will 
|bars of the pile and of the wire of the galvanometer, | be increased in a fourfold ratio. The increase of re- 
though not very great, is one of the factors that deter- | sistance is objectionable, while the increase of electro- 
mines the strength of the current. If by any means | motive force is the reverse. There must be some num- 
the resistance could be reduced, the current would be, ber of bars which will be most advantageous. This 
increased in the same proportion, that is if the tem- | 1s the case when the resistance of the pile is equal 
perature difference remained the same. to the resistance of the galvanometer and connecting 

Professor Forbes has devised a simple instrament,+| Wires. The solution of the converse problem is the 
which he calls a thermo-galvanometer, in which the | same. The number of turns and size of wire should be 
resistance is reduced enormously. He reasoned as fol-|s0 chosen that the resistance of the galvanometer 
lows. Imagine one pile of twenty pairs, and a second | should be equal to the resistance of thermopile and 
having the same outside dimensions, but consisting of |conneeting wires. These results are not quite true, 


|space only two centimeters square. 


| 


one pair; then for any temperature difference, if the 
electromotive force and resistance of the pair are each 
called unity, the electromotive force of the pile would 
|be twenty, and its resistance four hundred. Now, 
| since the resistance of the galvanometer most suitable 
| for any pile is equal to that of the pile, the total resist- 
jance of the pile and galvanometer should be eight 








** Proc, Roy. Soc.,” xviil., p, 558. 
+" Proc, Roy, Soc,, ’ February 18, 1886. 


because of the electrical transfer of heat, known as the 
| Peltier effect already referred to. On this account the 
| galvanometer resistance should be slightly higher than 
| the resistance of the thermopile, but the heat transfer 
|due to this cause is, as already mentioned, small in 
comparison with that due to thermal conduction. 

The solution found at present is only relative. Given 
a galvanometer, the best pile may be found, or given a 
pile the best galvanometer may be found, but we do 
not yet know whether both should havé many bars 
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and turns of wire, or a few bars and turns. Judging 
by the practice of instrument makers, who crowd eighty 
pairs of bars into so small a space, a great number 
would appear to be best. 

Now, imagine a thermopile and galvanometer ex- 
actly suited to one another, and a second pair in the 
same pattern in every respect, except that they have 
just balf as many bars and half as many turns 





of wire, each filling, of course, the same space. Then 


the total resistance in the second case will be one quar- | 


ter the resistance in the first, while the electromotive 


force will be one half; the current therefore will be | glass. 
twice as strong, but as it goes round the needle only | away from it to any appreciable extent. 


half as many times, it will produce exactly the same | 
effect. | 

This is really a true comparison, for the Peltier effect, | 
heat conduction, radiation, ete., are the same in both | 
cases. It therefore follows that since haif the number of | 
bars and turns is equally good, the same will be true | 
of half the number again and so on, until there is either 
only one pair of bars in the pile or only one turn of | 
wire in the galvanometer. It would, therefore, appear 
that allthe trouble and expense of making so many 
pairs of bars in a thermopile is a waste, and that one 
pair is just as good asa million. This result is only 
true so long as the resistance of the connecting wires is 
sufficiently small to be neglected. If, as is sometimes 
necessary, the thermopile is some distance from the 
galvanometer, and if also flexible wires are essential, 
then, owing to the resistance of the connecting wires, 
many bars should be used, for just as they are increas- 
ed in number does the resistance of the connecting 
wire interfere less and less. There is another reason 
of greater practical importance why many bars are ad- 
vantageous, and that is that asthe working electromo- 
tive foree of the pile is increased, so, in proportion, do 
accidental electromotive forces produce less disturbing 
effects. For instance, at every binding screw there is 
a thermoelectric junction, at which accidental temper- 
ature changes, due to hot or cold draughts, handling, 
ete., set up electromotive forces, which may be exceed- | 
ingly troublesome. Or, again, if the connecting wires 
are any of them apt toswing about, each one in cut- 
ting through the earth’s magnetic field will cause an 
electromotive force to be set up which may largely dis- 
turb the galvanometer needle. 

It is only in the cases where these disturbing causes 
are met with, that any advantage is gained by the use 
of a large number of bars. If they can by any means 
be avoided, then a single pair of bars does just as well 
as a large number. 

The next thing to consider is whether the single pair, 
which is as good as a pile of eighty pairs if the galvan- 
ometer and connections are properly arranged, and 
which is at present supposed to occupy the space of 
eighty pairs of bars of the usual size, can be made 
more effective by increasing or decreasing its sectional 
area, its length remaining thesame. Let it be reduced 
until itis half the thickness and half the breadth, then 
its resistance will be four times as great as it was, and 
the galvanometer, altered so as to have four times the 
resistance also, will have twice the number of turns. 
If it is possible to concentrate all the heat which 
would have fallen on the larger surface also upon the 
smaller, then, since practically allthe heat which falls 
on the hot junction is carried away by conduction, by 
radiation from the face, and by the Peltier action of the 
current, which each now go on at one quarter the rate 
for any given difference of temperature, the hot end 
will acquire four times the excess of temperature ; the 
current, therefore, will be the same, but it goes round 
the needle of the galvanometer twice as often, and so 
the deflection will be doubled. Inthe same way, if the 
bars are made ten times as small each way, the deflec- 
tion will be ten times as great. 

If, on the other hand, the bars received the propor- 
tion of heat due to their swaller surface, that is one- 
quarter and one-hundredth in the two cases, then the 
deflections would have been one-half and one-tenth 
instead of two and ten. 

Lord Rosse* has obtained the effect of concentrating 
on the ends of small bars the heat which corresponds 
in quantity to the area of large bars by simply solder- 
ing the ends of a pair of very thin bars to the center 
of a thin disk of copper, the opposite face of which is 
blackened to receive the radiation. He found that 
with thin copper disks half an inch in diameter there 
is hardly any loss of effect, owing to the want of per- 
fect heat conductivity inthe copper. This plan has 
the further advantage that the soldered surface or 
junction is on the heated surface, and not, as usual, 
buried to a depth of a millimeter or so in the pile. In 
the latter case a superficial warming gives rise to cur- 
rents which partly return at the back of the warm 
junction, so that the full current to the galvanometer 
is not produced until the pile is heated to the bottom 
of the junctions. Lord Rosse fully realized the ad- 
vantage of small bars, a single pair of which he has 
used in his investigations on the heat of the moon. He 
has experimentally verified the conclusions which he 
found theoretically to be necessary, namely, that as 
the bars are made thinner, the junction not only 
produces a greater effect upon a suitably arranged 
galvanometer, but, in addition the final temperature, 
and, therefore, the steady current, is much more rapid- 
ly developed. 

For some purposes the smallest heat-receiving sur- 
face is sufficient, as in the experiments of Dr. Huggins 
and Dr. Stone upon the heat of the stars. In this case 
the image of the star produced in the telescope is so 
small that all the heat can be brought to asurfaze no 
larger than the point of a pin, so here especially is a 
— pair, and that as fine as possible better than any 
pile. 

_By this reduction in the size of the bars one of the 
disturbing elements in the argument that has been 
used is made of less impertance. I mean the effect of 
the resistance of the connecting wires. If the bars could 
be made so fine that their resistance would be equal to 
that of an ordinary pile, then the resistance of the con- 
necting wires would, for the purpose of comparison, be 
eliminated. 

Wishing myself to put this argument to the test of 
experiment, I devised and made a special form of junc- 
tion on Lord Rosse’s plan, but with bars made of the 
alloys already described far finer than have been used 
before. They have a section of about one-twelfth of 
a millimeter each. They are soldered at one end to a 








* * Proc, Roy, Soo.," xviii., p, 553, 


piece of copper foil atout one-third of a square centi- 
meter in area, and at the other end to two large pieces 
of copper foil, separated by mica and pressed together. 
This is to insure that the unexposed ends of the bars 
shall be at the same temperature, and that any uncer- 
tainty due to heat brought to one bar more than the 
other by the connecting wires shall be eliminated. As} 
the barsare so fine that they could not carry the copper | 
foil without risk, amounting almost to certainty, of be- | 
ing broken, I have had to support the copper foil inde- 
pendently by slinging it on stretched fibers of spun 
These hold it securely, but do not carry heat 
Connecting 
this junetion with the galvanometer that was made 
for use with the pile of eighty pairs, a galvanometer | 
which is not at all suitable, we find that a candle flame 
five feet away produced a deflection of eleven milli- 
meters, or one-third of the deflection produced by the 
pile. The exposed surface was, however, only one- 
twelfth of that of the pile. It appears, then, that the 
pair with an unsuitable galvanometer did four times as 
well as the pile with its own galvanometer. } 

Mr. C. C. Hutchins has given a short account * of an 
instrument which is simply a junction of steel and cop- 
per ribbon 1 x 0°03 mm. at the focus of a concave silver 
on glass mirror eight millimeters in diameter. He’ 
states, as a record of its performance, that the hand 
held six itches away produces a deflection of thirty di- 
visions, and a lighted match at six feet drives the! 
needle to the stops. Ido not think Mr. Hutchins has 
done justice to the idea, for with such metal as steel | 
and copper he might have made them far thinner, or | 
with a thickness but little greater he might have used | 
the alloys of bismuth, which have a thermo-electric | 
power seven times as great. 

It is necessary to use a galvanometer with a thermo- | 
pile, and the delicacy of the former is just as import- | 
ant as the proper construction of the latter. In the 
first place, assuming that the ordinary form of galvano- | 
meter is to be used, the question arises, With | 


size of wire should the coils be wound? What is required 
is that the galvanometer should be so wound as to| 
have some predetermined resistance, and yet have as} 
many turns of wire as possible, especially near the in- | 
side, where each turn produces a far greater effect than 
one of the outerturns. Clerk Maxwell has shown that | 
so long as the insulating layer occupies a small propor- | 
tion of the space filled by the wire, which is nearly | 
true in low resistance galvanometers, or that it has a/| 
thickness proportional to the thickness of the wire, the | 
best effect is obtained when the diameter of the wire is | 
made to vary in direct proportion to its distance from 
the axis. A coilso wound is said to be graded. Of | 
course, in practice, a new size of wire is not taken for | 
every layer, but a few sizes are employed in their pro- | 
per places. 
The next question that may be asked is, Why, 
should the ordinary size of coil be selected? Why! 


should its interior or exterior limits be just those com- | 
monly used? Imagine two coils geometrically similar | 
in all respects, but one of four times the dimensions of | 
the other, then the number of turns in each will be the | 
same, the resistance of the small one will be four times | 
as great as the resistance of the large one, and the} 
magnetic field at the center of the small one will be| 
four times as great for a given current as the field in | 
the large one. Now, to make the coils strictly com- 
parable, they must be made of the same resistance. If 
the number of turns in the smal! one is halved, the re- | 
sistance will then become the same as the resistance of 
the large one, and so the same current will be sent 
through it as through the large by any pile with which 
it may be connected. The magnetic field at the center, 
however, will now be twice as strong in the small as in 
the large coil, and therefore the deflection will be twice 
as great. If the space occupied by both coils, so formed 
as just to fit within one another, were filled with wire, 
graded, and of such a size as to have thesame resistance 
still, then the magnetic field at the center would be 

s or 2°24 instead of 2, that of the large one alone be- 
ing considered unity ; so the relative deflections pro- 
duced in the three cases and the weights of the coils 
would be: 


Large Small 

coil. coil, Both, 
Deflection..... epiaseemn.see.. © 2 2°22 
WEEE ccctcecees piennnces 256 1 257 


The figures given for the double coil hardly represent 
the best that could be obtained with such an extended 
coil, because the shape is not of the best ; but while a 
slight advantage could be gained by employing also the 
best shape, the figures are sufficient to show what a 
great advantage is obtained by reducing the interior of 
the coil, and how little is gained by enlarging it out- 
wardly. 

Since the needle or needles of the galvanometer 
must be suspended within the coils, it is evident 
that it is not possible to reduce the aperture in the 
coils without at the same time reducing the needle 
also. The question then arises whether shorter needles 
have any advantage. If the needles are reduced to 
half their length, their moment of inertia will be re- 
duced to one-eighth of the previous amount, while the 
magnetic moment will be reduced to one-half, or per- 
haps to rather more than half. If the controlling force | 
which brings the needle to rest, whether due to a mag- 
netic field or to torsion, is so modified as to give any | 
definite period, then it will have to be proportional to | 
the moment of inertia, and will therefore, in the case of | 
the short needle, be one-eighth of what it would have | 
to be in the needle of double length ; the consequence | 
is that under these conditions—that is, of definite | 
period—a given current in the coils will produce a de- | 
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flection four times as great in the smaller needie. If 


| both coil and needles are reduced in the same propor- 
1 


tion, that is to— of the original size, then, resistance 


n 
and period remaining the same, the deflection due to a 


given current will be 4/n*. The only reason why this 
general reduction of dimensions has not been made 
before is that as the needles are made smaller or 
shorter, the irregularities of the silk suspension be- 
come of greater importance, so much so that with 
needles only half the length, and with the same period, 
the disturbance would be eight times as great, and 
so for other dimensions in the proportion of the 
inversecube, As it is, with the ordinary size of needle 
used inthe galvanometer, the effect of the silk is suf- 
ficiently obvious with slow periods, and so no good 
would result from further reduction, but rather harm. 
On the other hand, with a quartz fiber, the full ad- 
vantage of the smallest galvanometer that can be made 
is readily obtained. 

There is another question in connection with the 
galvanometer, namely, whether it is best to use an 
astatic combination ora single needle. If the astatic 
needles are each placed as usual within colis, then ina 
low resistance galvanometer the deflection would be 


only 4/2 or about 0°7 times as great as it would be 
if the same current were passed round a single coil of 
the same size, and of the same resistance as the two 
with only one needle, provided that the period of os- 
cillation remained unchanged, or with a second needle 
outside the coil, the deflection would be rather more 
than half of this latter result. I have here supposed 
that the moment of inertia of the mirror is not more 
than a small fraction of that of the needle, 

To put these conclusions to the test of experience, I 
have made a very small galvanometer, with a coil 
about the size of a threepenny bit, with atriple needle 
within it. The needle was rather less than three-six- 
teenths of an inch long, and weighed, with the mirror 
and connecting stem, less than three-quarters of a 
grain. This was suspended by a fine quartz fiber three 
inches long, and I had no difficulty, partly by screening 
and partly by a counteracting magnet lying on the table 
in almost immediately producing a period of as much 
as ten seconds. This little gaivanometer was connected 
with the thermo-element already referred to, which 
was exposed to a candle at five feet. The deflection ob- 
tained when the period of oscillation was about seven 
seconds was 67 mm., while with a period of ten seconds 
it was 126mm. Since the heat received is exactly one- 
twelfth of that which would fall on the pile placed at the 
same distance which produced a deflection of 31 mm. on 
the standard pattern galvanometer, it is evident that 
with the same amount of heat the standard instrument 
would have produced a deflection of 244 mm. only, 
and so it appears that the combination of simple ele- 
ment and very small galvanometer is from twenty-six 
to fifty times as sensitive as the much more elabo- 
rate and expensive apparatus which is always used, 
Though a single needle or group of needles is certainly 
preferable to an astatic combination, where sensibility 
only is the object, or where disturbing magnetic 
changes do not occur, there is a great practical ad- 
vantage in using an astatic system in most cases, be- 
cause if there is aslight magnetic disturbance, whether 
due to natural causes or to the movement of iron in 
the neigh borttood, the effect is by no means so marked 
when an astatic, or nearly astatic, combination is used 
as when a single needle is suspended in a field where 
the earth’s magnetism has been almost entirely neu- 
tralized by an adjustable magnet. 

There is one other consideration on which I have at 
present only very lightly touched ; this is the time that 
elapses after the heat falls upon the instrument before 
a fairly steady reading can be obtained. This is gen- 
erally determined by the mass of the junction or june- 
tions which have to be heated. These go on rising in 
temperature until the loss of heat is equal to the gain. 
The greater the mass,the longer in general is the 
time that must elapse before a steady temperature 
is obtained. In some cases, especially when the gal- 
vanometer needle has a long period and a slight 
logarithmic decrement, and when the mass of the 
thermo-junction is but small, the time of coming to 
rest may depend chiefly on the galvanometer. 

Mr. Burbidge and I have determined this time in the 
case of the various instruments referred toin this lee- 


ture. The figures are of necessity mere approxima- 
tions. They are: 
Seconds, 
Thermo-galvanometer. ...........00.seee00: 200 
Elliot’s pile and galvanometer............. 120 
The small thermo-element and Elliot’s gal- 
VAMOMOUEE s 0 oc cccc-ccccccccccccccceceveces 
The small thermo-element and the small 
IOI 6 oan 0.050 55.08.0049 608b066En e's 


These figures are important, not so much because if 
an instrument requires twice as long before a reading 
can be obtained than another it will also require twice 
the quantity of heat on this account, but because time 
is a very important factor when heat measures have to 
be made under the usual variable conditions. Ifa 
measure can be made in half the time, the uncertainty 
of the position of rest due to changes of temperature 
which cannot be prevented is certainly on the whole 
not more than half what it would be in the double 
time—it may be even Jess—and so the accuracy or de- 

ree of trustworthiness is greater in proportion as the 
time which it is necessary to wait is less. 

Mr. Burbidge has prepared the following table, which 
shows in round numbers at a glance the value of the 
several combinations described in this lecture : 








Thermo-galvanometer (with cone) ........ 
me a (without cone) 
Elliot pile and galvanometer (with cone).... .. son ceaine 
4 gh Mats ™ (without cone)...... jib Kins 
th a galvanometer (without cone) 
‘ sm a) “ ao 


Pair wi 
‘ 


‘ ‘ 


eee eee ee oe 








Actual Deflection. Deflection, 
Deflection. Heat received. Heat x time, 
| 

ee 4 ve fs 
eee ee ee eennne ” 
NREL TPE Bhg % 1% 
eeesececone ° 1 1 1 
spkacahihoel VA 4 17% 
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The falling off of the figures in the second and third) Wherever he has indicated the presence of water or 
columns, where a reflecting cone has been used, shows | minerals, at that very spot a spring or lode has been 
that it fails to usefully reflect all the heat which falls | diseovered. 

upon it. It ought never, in my opinion, to be used| He proceeds thus: Taking in his hand a light rod of 
when definite results are required. I do not lay any | wood orother material—it must be a conductor of elec- 
stress upon the exact value of these figures, especially | tricity, by the way. which looks as if this strange power 
those in the third colamn ; but, taking the ordinary | was connected with animal magnetism—or, if he has no 
apparatus without a cone as the standard of reference, | rod, with his hands clasped in front of him, Rodwell 
the figures are sufficient to confirm the conclusions to | walk about in likely places. As soon as he steps over 
which the argument which I have followed in this lee- | water or a nineral vein the rod springs up to his breast, 
ture has led. or the hands clench themselves immovably, and he 

cannot unclasp them till he moves from the spot. 

THE LUDLOW PROCESS FOR STEEL. 


TRE process of Rodney F. Ludlow, of Springfield, O., 
is described by him as follows : 

The molten iron is preferably run off from any of the 
known melting furnaces or otherwise removed from 
such furnaces and placed ina vessel constructed or 
lined with refractory material to enable it to withstand 
the heat of the metal. The depth and other dimensions 
of this vessel, which may be termed the ‘converter ves- 
sel,” vary with the amount of metal contained in each 
bath to be decarbonized, ete., and possibly according 
to local conditions and the desire and choice of the 
practicer of the method. As it is preferred to remove 
the dross, scoria, slag, or other impurities that may 
be found to have accumulated on the surface of the 
bath prior to the introduction of the recarbonizing 
agent, I recommend that the converter vessel be con- 
structed with an opening above the level of the bath, 
through which suitable skimming tools may be intro- 
duced to remove impurities. These remarks apply to 
instances in which the converter vessel at its upper 
edge is too high from the surface of the bath to render 
the skimming operation convenient from over the 
edge of the converter. After the molten metal has 
been placed in the converter—say to the extent ofa 
ton—I employ any suitable apparatus for directing air 
currents upon or against and at an angle to the sur- 
face of the bath, and I vary the place of contact be- 
tween such currents and said surface, so as to extend 























| 1. Holding the rod and walking in search of water. 

| 2. Standing on top of a covered drain or conduit with the rod sprung up 
to hie chest, 

3. Walking with hands together in search of water. 

4. Standing in same place as No. 2 

release them until he walks off the top of the drain. 


The lad in whom this strange faculty has developed 
is about fourteen years of age. Weare not told whether 
his peculiar employment has any effect upon his health. 
Our engravings are from photographs. 
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THE “DIVINING ROD™ BOY. 
Nor long ago there was a long and animated corre- | 
spondence in the London Standard on the use of the 





the places of such contact across practically the entire 
surface, embracing more or less of the width of such 
surface, preferably from one-half to five-eighths or 
three-fourths thereof, measuring from one side of the 
converter vessel toward the other and crosswise to the 
line of the air blasts. If the places of contact at the 
commencement of the operation are established near 
to the side of the converter farthest from the side from 
which the currents proceed, then the metallic bath ATONE 
will more quickly start in a motion than if such places | THE SCIENTIFIC AMERICAN 
of contact are first established nearer to the side} 
of the converter from which the currents proceed, | . e Silex 
the quickness with which the mass of metal responds | 
in motion to the action of the currents growing less and and 
less as the places of contact grow nearer and nearer to . 
the blast orcurrent side of the converter. Llalso prefer 
that the angles between the air currents and the sur- ° : 
face shall vary as the places of contact are varied, ap- | $2.50 a Year. Single Copies, 25 cts. 
proaching more nearly to a right angle as such places | 
of contact approach to current side of the vessel,| This is a Special Edition of the ScrENTIFIC AMERI- | 
though this variance in angle is by no means a neces-| CAN, issued monthly—on the first day of the month. 
sity to the successful operation of the method. When} Each number contains about forty large quarto pages, 
the currents are turned on and the metal begins to re- equal to abont two hundred ordinary book pages, 
spond to them by assuming motion, the places of con-| forming, practically, a large and splendid Magazine | 
tact are changed by changing the direction of the air| of Architecture, richly adorned with elegant plates | 
currents or varying the position of the place from|in colors and with fine engravings, illustrating the 
which they proceed, and I prefer to constantly effect | most interesting examples of modern Architectural | 
this change and not to allow the currents to strike a | Construction and allied subjects. | 
given breast on the surface of the bath morethana)| A special feature is the presentation in each number | 
minute or two, thus keeping up a constant change in| of a variety of the latest and best plans for private 
the places of such contact. When the places of con-| residences, city and country, including those of very | 
tact have proceeded across the surface of the bath in a| moderate cost as well as the more expensive. Draw-| 
breast of the desired width, they are then reversed and | ings in perspective and in color are given, together | 
the places of such contact continued step by step back | with full Plans, Specifications, Costs, Bills of Estimate, | 
in the opposite direction until such length of time—| and Sheets of Details. 
usually from eight toeleven minutes per ton—shall; No other building paper contains so many plans, | 
have elapsed to bring to the surface the combined im-/| details, and specifications regularly presented as the | 
purities and to liberate or consume the carbon contain- | SCIENTIFIC AMERICAN. Hundreds of dwellings have 
ed in the bath. jalready been erected on the various plans we have 
One object in changing the places of contact between | issued during the past year, and many others are in | 
the air currents and the surface of the bath progres-| process of construction. 
sively back and forth or across such surfaceis toinsure| Architects, Builders, and Owners will find this work 
reaching all the impurities as the particles or quanti-/| valuable in furnishing fresh and useful suggestions. | 
ties thereof come to the surface at different places, as | All who contemplate building or improving homes, or | 
a result of the general and practically uniform disturb- | erecting structures of any kind, have before them in 
ance of the entire mass, of which no portion is saffi- | this work an almost endless series of the /atest and best 
cieutly quiescent for the retention of any essential | exampies from which to make selections, thus saving 
portion or particle of the impurities. Again, as the | time and money. 
places of contact proceed in the direction of the far| Many other subjects, including Sewerage, Piping, 
side of the converter, the impurities which have come | Lighting, Warming, Ventilating, Decorating, Laying 
to the surface are hastened to said side, where they | out of Grounds, etc., are illustrated. An extensive 
more or less accumulate. Compendium of Manufacturers’ Announcements is also | 
I have said that the breast of air currents was pre-| given, in which the most reliable and approved Build- | 
ferably less than the width of the surface of the bath. | ing Materials, Goods, Machines, Tools, and Appliances | 
I prefer this, as it results in giving the metal a rotary | are described and illustrated, with addresses of the 
motion, which if not constant is more or less interme- | makers, ete. 
diate or spasmodic, resulting in a more thorough agita- The fullness, richness, cheapness, and convenience of 
tion of the entire mass, in consequence of the conflict | this work have won for it the Largest Circulation 
of metallic currents between the rotary and tambling | of any Architectural] publication in the world. 
tendencies imparted by the air. | A Catalogue of valuable books on Architecture, 
What is here described is based upon what has been | Building, Carpentry, Masonry, Heating, Warming, 
ascertained by tests on a large and practical seale of | Lighting, Ventilation, and all branches of industry 
commercial capacity. The product is either metallic| pertaining to the art of Building, is suppiied free of 
or wrought iron of great textile strength and ductility, | charge. sent to any address. 
or steel of like strength and fineness of texture. . : 
While any recarbonizing agent may be employed, I MUNN & CO., Publishers, . 
prefer to use what is known as ‘“‘spiegeleisen,” and to 361 Broadway, New York. 
apply it to the bath in a a gree state by throwing 
a sufficient quantity thereof into the converter vessel *5 3° *g . 
after the impurities have been skimmed from the sur- Building Plans and Specifications. 
face. 
In connection with the publication of the BUILDING 
Epition of the ScrentTIFIC AMERICAN, Messrs. Munn 
& Co. furnish plans and specifications for buildings | 
of every kind, including Churehes, Schools, Stores, | 
“divining rod” for finding water and minerals. A| Dwellings, Carriage Houses, Barns, etc. ; 
good many of the writers held that it was a mere In this work they are assisted by able and experi- | 
superstition, handed down from the dark ages, and| enced architects. Full plans, details, and specifica- 
that the belief in it was due to a few accidental suc-| tions for the various buildings illustrated in this paper | 
cesses on the part of the water-finders. On the other | can be supplied. o_ ‘ 
side, however, a multitude of evidence was adduced,| Those who contemplate building, or who wish to| 
showing that there are certain persons who do possess | @lter, improve, extend, or add to existing buildings, | 
whether wings, porches. bay windows, or attic rooms, | 
the undersigned. 
Esti- 
Terms 


this peculiar faculty her . ) 
One such is the lad shown in our engraving, who/| @re invited to communicate with 

bears the appropriate name of Rodwell. He is in the |Our work extends to all parts of the country. 

employment of the Grinton Mining Company in the | mates, plans. and drawings promptly prepared. 

north of England, and, according to the chairman of | moderate. Address 

the company, has never failed when tested. MUNN & CO., 361 Broapway, New YorK. 


A special notice is made in the Scientific Ameri- 
ean of all inventions patented through this Agency, 
with the name and residence of the Patentee. By the 
immense circulation thus given, public attention '* 
directed to the merits of the new patent, and sales or 
introduction often easily effected. . J 

Any person who has made a new discovery or inven- 
tion can ascertain, free of charge, whether a patent 
ean probably be obtained, by writing to MUNN “ Co. 

We also send free our Hand Book about the Patent 
Laws, Patents, Caveats, Trade Marks, their costs and 
how procured. Address 

MUNN ct CO., 
361 Broadway, New York. 

Branch Office, 622 amd 624 F St., Washington, D. C. 











